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ACQUISITION AND EXTINCTION OF A VERBAL 
CONDITIONED RESPONSE WITH DIFFERING 
PERCENTAGES OF REINFORCEMENT ! 

BY DAVID A. GRANT,-HAROLD W. HAKE, AND JOHN P. HORNSETH 


University of Wisconsin 


The present problem was to in- 
vestigate the acquisition and extinc- 
tion of the Humphreys verbal condi- 
tioned response as a function of the 
percentage of positive or “reinforced” 
trials during the training series. 

The phenomena of partial reinforce- 
ment are of considerable importance 
(2, 3, 4, 5,6, 11) and have stimulated 
a good deal of theorizing. One handi- 
cap to those seeking to explain these 
phenomena has been the lack of com- 
plete exploration of the phenomena 
themselves in terms of fairly obvious 
independent variables in the partial 
reinforcement situation. Humphreys 
found greater resistance to extinction 
following 50 per cent reinforcement 
than he obtained following 100 per 
cent reinforcement in classical, oper- 
ant, and verbal conditioning (7, 8, 9). 
Other workers, cited above, have 
confirmed these findings, but little 
exploration has been carried out with 
other percentages of reinforcement 
(11). The present study aims to 


1 This research was supported by the Research 
Committee of the Graduate School of the Uni- 
versity of Wisconsin from funds provided by the 
State Legislature. 


remedy in part this situation by ex- 
ploring the effects of other percent- 
ages of “reinforcement” upon the 
acquisition and extinction of the 
Humphreys verbal response. 


APPARATUS AND PROCEDURE 


Apparatus.—The apparatus was similar to 
that of Humphreys (2, 4, 10). It consisted of 
60-w. incandescent lamps mounted on the left 
and right sides of a 4-ft. square upright board 
which was painted flat black. An electronic 
timing circuit was arranged to produce a 3-sec. 
flash of the left-hand light at the close of which 
the right-hand lamp could be actuated for a 
-5-sec. flash. The Ss were instructed to guess 
on each trial, during the flash of the first lamp, 
whether the second lamp would or would not 
flash on.2 They were then to note whether or 
not they had guessed correctly. The Es care- 
fully observed that the Ss were following 
instructions. 

Procedure—All Ss were given a training 
series consisting of 60 trials and an extinction 
series of 30 trials. The interval between trials 
was about 10 sec., since massing of trials seems 

2 In each group 17 Ss were run under positive 
instructions to record when they thought the 
second lamp would flash on. The remaining 
20 Ss were instructed negatively to record when 
they thought the second lamp would fail to flash 
on. The differences in instructions led to no 
differences in results so that the data are com- 
bined in this study. 
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to have no effect upon verbal conditioning phe- 
nomena (4, 10). Five different training pro- 
cedures were used with five groups of Ss. The 
training procedures varied only in the percentage 
of positive or “reinforced” trials. (Trials will 
be called positive if the second light flashes and 
negative if the second light does not flash.) 
There were 0, 25, 50, 75, and 100 per cent posi- 
tive trials, respectively, in the five procedures. 
In each procedure the positive and negative 
trials formed an essentially random sequence. 

Subjects —A total of 185 Ss were used, 37 in 
each of the five groups. They were men and 
women students who had volunteered from the 
classes in introductory psychology. The Ss 
were run in groups of 2 to 15 in small classrooms 
with the apparatus placed on a desk at the front 
of the room. 


RESULTS 


If S guesses that the second light 
will flash on, his response will be 
called a positive response. A guess 
that the second light will not flash on 
will be termed a negative response. 


The essential findings of the experi- 
ment are shown in Fig. 1 in which the 
percentage of positive responses is 
plotted in successive five-trial blocks 
for each group of Ss during the train- 
ing and extinction series. All groups 
emit about 50 to 70 per cent positive 
responses at the start of the training 
series. Thereafter they seem to 
change their rates of response, so that 
their emission rate shows an exponen- 
tial approach to the training series 
rate of positive trials as an asymptote. 
At the end of the training series, each 
group is emitting positive responses at 
about the same rate as it is receiving 
positive trials. 

During the extinction series the rate 
of emission of positive responses 
drops off exponentially for the 100, 
75, and 50 per cent groups. The 
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Per cent frequency of positive responses plotted against trials during training and 


extinction for differing percentages of positive training trials 
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drop is most rapid for the 100 per 
cent group. The emission rate of the 
25 per cent group shows almost no 
drop during the 30 extinction trials. 
For statistical tests of the differ- 
ences between groups an acquisition 
and an extinction score were obtained 
for each S. The acquisition score 
consisted of the number of positive 
responses during the last 25 trials of 
the training series, and the extinction 
score consisted of the number of 
positive responses during the 30-trial 
extinction series. These scores pos- 
sessed fair continuity, and the vari- 
ances, though not equal, were linearly 
independent of the group means. 
The analysis of variance showed that 
the difference between groups was 
highly significant (P <.001) for both 
acquisition and extinction scores. 


Discussion 


The results agree with those of 
Humphreys (7,8,9) and with those 


of Brunswik on rats in a T-maze (1). 
They are also in line with previous 
work on partial reinforcement (11). 
Although the present findings agree 
with earlier results, in extending the 
range of percentages of partial rein- 
forcement, they pose some problems 


of interpretation. An adequate inter- 
pretation must account for both the 
acquisition findings and for the ex- 
tinction results. Most available in- 
terpretations, unfortunately, can ac- 
count for one of these but not for the 
other, and for this reason some of the 
problems of interpretation will be 
briefly discussed. 

An explanation in terms of simple 
reinforcement is inadequate. It is 
true that the 25 per cent group, for 
example, receives only one-fourth the 
amount of “reinforcement” received 
by the 100 per cent group, and this 
might, superficially, seem to account 
for the difference in rate of emission 


of responses during acquisition. 
Aside from the fact that simple rein- 
forcement, in a generally accepted 
sense, seems not to occur in the 
Humphreys situation, it could not ac- 
count for the extinction results with- 
out supplementary constructs. 

An interpretation in terms of ex- 
pectancy, the context in which Hum- 
phreys originally devised the verbal 
conditioning procedure, is attractive 
but poses very interesting difficulties. 
In a general way, expectancies, if 
confirmed, are supposed to be rein- 
forced and will presumably lead to 
“appropriate action” (13). In this 
experiment a confirmation would oc- 
cur if there were a hit or agreement 
between response and trial, i.e., a 
positive response on a positive trial, 
or a negative response on a negative 
trial. Then, if either the trial series 
or response series is randomly ordered, 
the expected proportion of hits is: 


Py=1-—P,—P,+2P.P,, (1) 
where 


Px=expected proportion of hits, 
P,=proportion of positive trials, and 
P,= proportion of positive responses. 


The question is: What use may be 
made of equation (1)? The expec- 
tancy theory is not definite enough to 
yield an expression for the amount of 
reinforcement over a series of trials. 
If only hits are considered and 
“misses” are neglected, the proportion 
of hits on positive responses will be: 


P,P, 
Pas"T—P,— P+ PP,’ 


where the only new symbol is Py,, the 
proportion of hits on positive re- 
sponses. Now, from equation (2) it 
will be seen that if S is emitting posi- 
tive responses 50 per cent of the time 
at the start of the experiment, Pay 
will equal P,, or, in other words, the 
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proportion of hits which occur on 
positive responses will equal the pro- 
portion of positive trials. This might 
be expected to result in S’s adjusting 
his emission rate P, to equal P;, and 
this would seem to account for the re- 
sults if the process stopped here. 
As soon as S emits responses at a rate 
P, = P,, however, it follows from 
equation (2) that Py, will quickly 
rise toward 100 per cent if P; > .50 or 
fall toward zero per cent if P, < .50. 
Hence, it should be expected that S’s 
rate of emission of positive responses 
would tend to proceed to either 100 
per cent or zero per cent. It is an 
interesting fact that this would maxi- 
mize the total number of hits (ef. 
1) and this would be an “optimal” 
solution for S, but the experimental 
results do not conform to the predic- 
tion from equation (2). Instead of 
tending toward 100 per cent or zero 
per cent emission, the 75 and 25 per 
cent groups tended toward 75 and 25 
per cent emission, respectively. 

Some remedy for the above discrep- 
ancy might be sought in the misses or 
instances where positive responses 
occur on negative trials and vice versa. 
The expected proportion of misses is: 


Py = P,+ P, — 2P,P., (3) 


where Py is the expected proportion of 
misses. The proportion of misses on 
positive responses is: 


P, — P,P, 


Puy = P,+ P, ve P,P,’ (4) 





where Py, is the proportion of misses 
on positive responses. Again, expec- 
tancy theory is not explicit enough to 
show how equations (2) and (4) might 
be combined to account for the find- 
ings, and no attempt will be made 
here to combine them. 

Equation (4) and the corresponding 
equation for negative trials have an 


interesting property which should be 
remarked, however. The proportion 
of misses on positive trials will equal 
the proportion of misses on negative 
trials, if, and only if, P, equals P,. 
It is interesting, then, to note that if 
S in some way places equal “value” 
on these misses, he might be expected 
to adjust his rate so that P, will 
equal P,. 

Some of the results of the experi- 
ment may be explained in terms 
similar to those used by Mowrer and 
Jones and others (11) to interpret 
partial reinforcement phenomena. 
Mowrer and Jones suggested that ex- 
tinction was delayed in partial rein- 
forcement situations because it was 
difficult for S to discriminate the be- 
ginning of the extinction series. The 
response of S to the series of trials in 
addition to his response to single trials 
may be a key to the present situation. 
Certainly, if zero or 100 per cent of the 
trials are positive, S can discriminate 
this fact and can respond appropriately 
in terms of his instructions to guess 
correctly as often as possible. Dis- 
criminating 25 or 75 per cent training 
sequences would be more difficult. 
This difficulty could account for the 
more gradual approach to the 25 and 
75 percent asymptotes. “Appropriate 
response” also becomes a more compli- 
cated matter when P, is other than 0, 
50, or 100 per cent. As mentioned 
earlier, it follows from equation (1) 
that if O < P, < .50, the proportion 
of hits, Py, will be maximal when P, 
= 0, and if .50 < P, < 1.00, Py will 
be maximal when Py = 1.00. The 
S obviously seems not to use this 
mathematical approach (14) in emit- 
ting responses. Possibly he would if 
he were given enough time and were 
reminded continually of his instruc- 
tions. In practice, however, he seems 
to adjust his rate of emission to the 
rate of positive trials and lets it go at 
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that. The stimulus is thus the rate 
of positive trials, and the response is 
the rate of positive responses. Pre- 
cisely how S matches the two rates 
remains to be seen. It is the con- 
jecture of the writers that it is not 
done through easily verbalized means, 
and further work is in process to 
clarify the matter. 


SUMMARY 


The acquisition and extinction of 
the Humphreys verbal conditioned re- 
sponse was studied during a 60-trial 
training series and a 30-trial extinction 
series. The independent variable was 
the proportion of positive or “rein- 
forced” trials during the training 
series. Five groups of 37 Ss each 


were used with 0, 25, 50, 75, and 100 
per cent positive trials, respectively, 
during the training series. 

It was found that all groups started 
responding positively about 50 to 
70 per cent of the time, but they 


gradually came to emit positive re- 
sponses at about the same rate as the 
rate at which positive trials were given 
during the training series. The 100 
per cent group showed the most rapid 
extinction, then the 75 and 50 per 
cent groups, and the slowest extinction 
was shown by the 25 per cent group. 
The intergroup differences during ac- 
quisition and extinction were statis- 
tically significant. 

Inadequacies of simple reinforce- 
ment and expectancy interpretations 
are pointed out, and it is suggested 
that S responds directly to the dis- 
criminated rate of positive trials he 
receives and responds in terms of an 
emitted rate of single-trial responses. 


(Manuscript received August 28, 1950) 
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RESISTANCE TO EXTINCTION OF LEARNED FEAR-DRIVES 


BY GORDON T. GWINN 


Clark University 


The major purpose of the experi- 
ments reported in this paper was to 
test the hypothesis that the resistance 
to extinction of a learned fear-drive 
varies with the number of times the 
fear has been reinforced. This hy- 
pothesis is implied by the theories of 
both Mowrer (8,9) and Miller (6, 7). 
According to these theories, pain 
stimuli innately tend to elicit fear. 
Any stimulus pattern that has been 
accompanied by pain stimuli will 
tend to elicit fear even in the absence 
of the pain. This learned fear func- 
tions as a drive in that it motivates 
locomotor responses, those responses 
followed by reduction in fear being 
reinforced in accordance with Hull’s 
(3) drive-reduction theory. The 
drive-strength of the learned fear will 
increase with an increase in the num- 
ber of times the fear has been rein- 
forced, i.e., the number of times the 
stimulus pattern has been accom- 
panied by the pain. Following such 
“conditioning,” repeated occurrence 
of the pattern without the pain will 
tend to result in a weakening of the 
fear. Resistance to extinction of the 
fear-drive, i.e., the number of such 
extinction trials required for the drive 
to diminish to a given level of strength, 
will increase with an increase in the 
number of times it has been rein- 
forced, other conditions of training 
being constant. 

As Miller (7) has pointed out, the 
available evidence bearing on this 
hypothesis of resistance to extinction 


1The experiments reported in this paper 
were conducted at the Psychological Labora- 
tories, Wesleyan University. The author is 
indebted to Mr. William Werner and Mr. 
Ledyard Avery for their very able assistance. 
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is inconclusive. The two experiments 


reported in this paper were conducted 
in an attempt to provide bases for 
more definite conclusions concerning 
its validity. 


EXPERIMENT I 


This experiment was designed to 
determine whether resistance to ex- 
tinction of learned fear-drives would 
increase with the number of reinforce- 
ments under conditions in which 
different intensities of electric shock 
are used as the reinforcing pain 
stimuli. 


Subjects and apparatus.—Ss were 40 naive 
male albino rats between 4 and 5 months old. 
The major piece of apparatus was a “grid box” 
with a 12-in. by 12-in. electrified wire grid floor, 
j-in. wood walls 10 in. high, and a hinged cover 
of glass through which the Ss could be placed on 
the grid and their behavior observed. The box 
was provided with legs which raised the grid 7 
in. above the table top on which it was placed. 
In one wall of the box there was a composition- 
board gate which could be raised and lowered 
manually by £. When the gate was open, Ss 
could escape from the grid by making the 7-in. 
jump down to the table top, an 8-in. by 12-in. 
area of which was enclosed by wooden walls 18 
in. high. This enclosure will be called the 
“escape box.” 

Alternating electric current could be delivered 
to the grid through a toggle switch. The in- 
tensity of the shocks, measured in volts at the 
grid, was regulated by a standard Variac. A 
.l-sec. electric clock was used to measure time 
intervals. 

Conditioning procedure.—The S was placed in 
the grid box, with the gate open and the shock 
“off,” for a 2-min. interval. It should be noted 
that none of the Ss made the 7-in. jump into the 
escape box during this interval. The gate was 
then closed, and S was given a number of very 
brief shocks separated by 20-sec. intervals. 
The gate remained closed so that S could not 
escape from the grid box until the completion 
of conditioning. Each shock was made as brief as 
possible, i.e., E turned the shock on and off as 
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rapidly as he could operate the toggle switch. 
This was done to provide maximum control of 
the number of shocks actually received by Ss 
and to permit identification of the locomotor re- 
sponses evoked by the shock and accompanying 
its termination. It was observed that every 
shock produced a startle response followed by 
immobile crouching. Theoretically, then, the 
conditioning procedure established both fear and 
crouching as reactions to the grid in the absence 
of shock. 

Half of the Ss received 4 shocks and the other 
half received 16 shocks. The shocks were 
“weak” (50 v.) for half of each of these groups 
and “strong” (100 v.) for the other half. Thus, 
there were ten Ss assigned at random to each of 
four groups trained under four different condi- 
tions of shock: 4-weak, 16-weak, 4-strong, and 
16-strong. 

For all groups, 2 sec. after the last shock was 
administered, the gate was opened and Ss were 
free to jump into the escape box. Those failing 
to do so within 20 sec. were pushed into the 
escape box by E. The S was left in the escape 
box for 30 sec., with the gate down, and then 
removed to a waiting cage for a 3-min. interval 
before the extinction trials began. 

Extinction procedure—The extinction pro- 
cedure was identical for all groups. The S was 
placed on the grid so that it faced the gate, which 
was closed. Ten seconds later the gate was 
opened. The time interval between the opening 
of the gate and S’s jump into the escape box was 
measured, and this latency of the escape response 
was recorded. Whenever the latency exceeded 
20 sec., S was pushed into the escape box and 
given a score of 20 for that trial. Following 
escape, the gate was closed and S was left in the 
escape box for 30 sec. before the next trial. 
This procedure was repeated to an extinction 
criterion of four out of five consecutive trials on 
which latencies exceeded 20 sec. In order to 
facilitate extinction, the delay before opening 
the gate was 10 sec. on the first ten trials, 20 sec. 
on the second ten trials, 30 sec. on the third ten 
trials, etc. However, on all trials the latencies 
of the escape responses continued to be measured 
from the time the gate was opened. 

The number of trials required for each S to 
reach the extinction criterion provided individual 
extinction scores which were transformed into 
logarithms for purposes of statistical analysis. 


REsuLTs AND Discussion 


Effects of increasing the number of 
weak shocks——The major results of 
the experiment are summarized in 
Table I. It may be seen that, when 


TABLE I 


Loc NuMBER oF ExtTINcTION TRIALS AS A 
FuNcTION OF FREQUENCY OF 
REINFORCEMENT AND STRENGTH 
oF SHock 








Conditions of 
Training 





4—weak 


16—weak 


— a 








4—-strong 
082 





16—strong 





—.18 


| 





* All P-values reported in this paper are single-tailed 
tests based on ¢ (10). 


the shocks were weak, the group re- 
ceiving 16 shocks during conditioning 
tended to jump into the escape box 
for more trials before reaching the 
extinction criterion than the group 
receiving only four shocks. The 
stronger tendency to escape following 
the greater number of shocks is statis- 
tically reliable (P is .011). 

This result confirms the hypothesis 
the experiment was designed to test, 
namely, that the resistance to extinc- 
tion of learned fear-drives increases 
with the number of reinforcements. 
Since the design of the experiment was 
such that the escape response could 
not occur until after completion of the 
conditioning session, the observed 
difference in extinction scores cannot 
be attributed to differential reinforce- 
ment of the escape response during 
conditioning. Crouching was the ob- 
servable response most closely associ- 
ated with the drive-reduction provided 
upon termination of the shocks. Any 
resultant differences in crouching 
tendencies could have influenced the 
escape behavior, but only in a direc- 
tion opposite to the actually obtained 
difference in the rate of extinction of 
escaping. 

Therefore, within the general frame- 
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work of drive theory, it may be in- 
ferred that the difference in extinction 
scores was due to differences in the 
resistance to extinction of learned 
fear-drives. Fear motivated escap- 
ing, every escape response being rein- 
forced by the reduction in fear upon 
jumping into the escape box. The 
greater number of conditioning shocks 
produced a greater resistance to ex- 
tinction of the fear-drive and, hence, 
of the escape behavior it motivated. 

The effects of increasing the number 
of strong shocks.—In contrast to the 
results with weak shocks, the Ss that 
had received 16 strong shocks tended 
to reach the extinction criterion in 
fewer trials than the animals given 
only 4 strong shocks, although the 
difference between the means for these 
two groups is not reliable (P is .082). 
The reliability of this difference is too 
low to warrant definite conclusions 
concerning differential effects, if any, 
of varying the number of strong 
shocks. However, granting that the 
increase in the number of weak shocks 
produced an observable increase in 
the subsequent resistance to extinc- 
tion of escape responses, the question 
may be raised as to why a similar 
effect was not observed following 
conditioning with strong shocks. By 
way of an introduction to a second 
experiment which was conducted in 
order to obtain further evidence bear- 
ing on this question, three possible 
answers in terms of the fear-drive 
theory will be pointed out in the fol- 
lowing paragraphs. In mentioning 
these various interpretations, the au- 
thor does not mean to imply that any 
of them is regarded as necessarily 
valid. They are presented merely as 
alternatives suggested by the fear- 
drive theory and as points of depar- 
ture for further experimentation. 


It may be that, when the shocks were strong, 
four of them were sufficient to produce a maxi- 


mum strength of learned fear-drive, whereas 
more than four were required with the weaker 
shocks. It should be noted in this connection 
that, as shown in Table I, the mean extinction 
score was higher for the 4-strong than for the 
4-weak group. An analysis of the difference in 
means for these groups showed that it is statis- 
tically significant beyond the .001 level of con- 
fidence. Assuming that resistance to extinction 
of fear and escaping was not affected by increas- 
ing the number of strong shocks beyond four, 
the fact that the mean extinction score was lower 
for the 16-strong than for the 4-strong group 
may have been due to the influence of “chance” 
factors. 

A second possibility is that the greater num- 
ber of shocks actually resulted in greater resist- 
ance to extinction of fear-drive but that it also 
produced crouching tendencies which differen- 
tially interfered with escaping. In line with this 
notion is the fact that, after the last conditioning 
shock had been administered and the gate 
opened, all but one S in the 16-strong group 
remained “frozen” in a crouching position for the 
entire 20-sec. period established as a time limit 
and had to be pushed into the escape box by E. 
On the other hand, very little prolonged crouch- 
ing was observed in the 4-strong group, and all 
but two Ss escaped more or less promptly of 
their own accord. Despite this difference in 
crouching behavior, all Ss in both groups 
learned to escape of their own accord within the 
first few extinction trials, and the mean latencies 
on the first five trials were nearly identical for 
the two groups. Nevertheless, it could be 
argued that stronger tendencies to crouch may 
have contributed to faster extinction of escaping 
in the 16-strong group in either or both of two 
ways. One is that differences in the habit 
strength of crouching may have differentially 
affected the latency of escaping even after many 
reinforcements of the escape responses. The 
other is that the rate of extinction of the fear- 
drive may have been a direct function of the 
length of time the Ss were in the grid box without 
the occurrence of shock. If so, then the 
stronger tendencies to crouch, by keeping the Ss 
in the grid box for longer periods of time on any 
given extinction trial, may have tended to speed 
up the extinction process more for the 16-strong 
than for the 4-strong group. 

As a third alternative, a “discriminability” 
hypothesis may be formulated as follows. In- 
creasing the number of reinforcements not only 
increases the drive-strength of learned fear but 
also increases the ability of the individual to 
discriminate between the conditioning situ- 
ation and the extinction situation. That is to 
say, conditioned fear elicited during extinction 
trials may be regarded as a reaction which gen- 
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eralizes from the conditioning situation, whereas 
extinction of the fear is a process of learning an 
incompatible nonfear reaction in the extinction 
situation (1, 7). Both the strength of condi- 
tioned fear and the discriminability between the 
conditioning and extinction situations increase to 
a maximum with the number of reinforcements, 
but the fear increases more rapidly and it reaches 
its maximum after fewer reinforcements than 
does the discriminability. The net effect of 
these opposing influences is that the resistance 
to extinction of the fear-drive tends to increase 
relatively rapidly to a maximum and then gradu- 
ally decreases with continued reinforcements. 
Other things being equal, the more intense the 
reinforcing pain, the fewer the reinforcements 
to reach this maximum. Also, the greater the 
learning ability of the individual, the sooner the 
maximum is reached. 

As applied to the present experiment, this 
hypothesis suggests the possibility that resist- 
ance to extinction of fear-drive, and therefore of 
escaping, was nearly maximal for most of the 
animals receiving four strong shocks but not for 
those in the 4-weak group. This is in line with 
the observed differences in mean extinction 
scores for the various groups. Under the strong 
shock condition, increasing the number of shocks 
from 4 to 16 may have increased the resistance 
to extinction of fear and escaping for the slowest 
learners but may have decreased it for the 
fastest learners. This notion is partially sup- 
ported by the fact that resistance to extinction 
of escaping was more variable following the 
greater number of shocks. The standard devi- 
ation of extinction scores in the 16-strong group 
was twice as great as that in the 4-strong group. 
This difference has an F-value of 3.80, which is 
statistically significant beyond the .05 level of 
confidence (4), and suggests that the effects of 
varying the number of shocks depended upon 
individual differences of some sort. 


ExpeEerRIMEnNT II 


A second experiment was designed 
to provide a test of the fear-drive 
theory as applied to the effects of in- 
creasing the number of reinforce- 
ments using strong shocks, and to 
provide a basis for a more critical 
evaluation of the discriminability hy- 


pothesis. As in the first experiment, 
differences in resistance to extinction 
of learned fear-drives were to be in- 
ferred from differences in tendencies 
to escape from the grid box following 


various amounts of training with 
strong shocks. However, in order to 
test the prediction that repeated rein- 
forcements beyond a certain point 
would produce a decreased resistance 
to extinction of fear-drive and es- 
caping, it was necessary to eliminate 
the possibility that tendencies to 
crouch would be reinforced. Other- 
wise, as pointed out above, any de- 
crease in extinction of escaping could 
be attributed to differential interfer- 
ence from crouching tendencies estab- 
lished during conditioning. To rule 
out this possibility, the conditioning 
session consisted of ordinary escape- 
training trials, so that tendencies to 
escape were reinforced. While elim- 
inating crouching, this change intro- 
duced differences in the habit-strength 
of escape responses as a possible influ- 
ence upon subsequent extinction 
scores. However, the only way to 
minimize crouching or other response 
tendencies incompatible with escap- 
ing was to reinforce escaping. 

Variation in learning ability was 
accomplished by using two groups of 
animals differing in age. It seemed 
probable, on the basis of evidence 
summarized by Hilgard and Marquis 
(2) and McGeoch (5), that learning 
ability of the sort involved in the 
present situation would increase with 
age. 


Subjects and apparatus.—Forty naive male 
albino rats were used. Half of them, called the 
“young” group, were between 85 and 100 days 
old. The others, called the “old” group, were 
between 165 and 180 days old. The apparatus 
was the same as that used in Experiment I. 

Conditioning procedure-——Conditioning con- 
sisted of a number of trials during which Ss were 
placed in the grid box with the electric shocks 
censtantly “on.” The gate was always open so 
that S learned to escape from the shocks by 
jumping into the escape box. Exploratory work 
had shown that Ss given strong (100-v.) shocks 
from the very beginning of training tended to 
bite the grid, whereupon they were completely 
immobilized and had to be discarded. To elim- 
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inate loss of animals, therefore, all Ss received 
four trials with weak (50-v.) shocks. 

Half of each age group then received 4 and the 
other half 20 additional trials with strong shocks, 
making a total! of 8 and 24 trials, respectively. 
Thus, there were 10 Ss assigned to each of four 
different groups referred to as 8-young, 24- 
young, 8-old, and 24-old. 

As soon as S escaped, the gate was lowered, 
and S remained in the escape box for a 30-sec. 
interval before the next trial. Upon completion 
of conditioning, S was removed to a waiting 
cage for an interval of 3 min. before the test of 
conditioning. 

Test of conditioning.—Following conditioning, 
Ss were given three trials with the gate up, as on 
the conditioning trials, but with no shocks. 
This was done to measure, before the extinction 
procedure started, the differential effects of the 
experimental variables on the strength of the 
escape tendencies in the absence of the shocks. 
However, all Ss escaped so quickly (less than 1 
sec.) that reliable measurements of differences 
were impossible, even if such differences existed. 

Extinction procedure——The extinction pro- 
cedure and the extinction criterion were the same 
as in Experiment I except that the time interval 
before raising the gate was 2 sec. for the first ten 
trials, 5 sec. for the next ten, and then 10 sec., 
20 sec., 30 sec., etc., for successive series of ten 
trials. This change in procedure was adopted 
to delay extinction. Exploratory work had 
shown that, if raising the gate was delayed for 
10 sec. on the initial extinction trials as in 
Experiment I, Ss in all groups tended to meet 
the extinction criterion immediately. 


RESULTS 


The major results are summarized 
in Table II. By comparing mean ex- 
tinction scores following the different 
amounts of training with shocks, it 


TABLE Il 


Loc NuMBER OF EXTINCTION TRIALS ASA 
Function or Ace or Ss AND 
FREQUENCY OF REINFORCEMENT 








Groups 
Trials 


1.07 
1.33 
1.23 
1.07 





8—young 
24—young 

8—old 
24—old 


26}. 








\ 
}—.16 . 














* Single-tailed test with ¢. 


may be seen that, for the younger Ss, 
resistance to extinction tended to in- 
crease with the number of condition- 
ing trials. The difference between 
the mean extinction scores for the 
8-young and 24-young groups in the 
direction of slower extinction in the 
latter, is statistically significant be- 
yond the .02 level of confidence and 
may be attributed to the difference 
in the amount of training with shocks. 
In contrast to this result, escaping in 
the older Ss tended to extinguish 
faster in the group receiving 24 than 
in the group receiving 8 conditioning 
trials, although this tendency was 
not statistically reliable (P is .084). 
A comparison of the extinction 
scores for the two age groups following 
8 conditioning trials shows that the 
mean was greater for the older group, 
though not reliably (P is .074). A 
reverse tendency was found following 
24 conditioning trials. In this case 
the tendency of the older Ss to reach 
the extinction criterion sooner than 
the younger Ss was significant beyond 
the .02 level of confidence and may 
be attributed to the difference in age. 


Discussion 


The fact that, in the young group, 
increasing the number of conditioning 
trials from 8 to 24 tended to increase 
the resistance to extinction of escap- 
ing is attributable, in terms of fear- 
drive theory, to differences in the 
drive-strength of learned fear, or to 
differences in the habit strength of 
the escape responses established dur- 
ing conditioning, or to both. The 
design of the experiment does not 
provide bases for ruling out any of 
these alternatives on strictly logical 
grounds. It should be noted, how- 
ever, that i! some drive is assumed to 
have motivated the escape behavior 
during the extinction trials, the escape 
responses were reinforced every time 
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the Ss escaped. Thus, there was 
actually no extinction of escaping in 
the sense of extinction by nonrein- 
forcement. On the other hand, the 
occurrence of shocks was necessary 
for reinforcement of fear, and there 
was extinction of fear in the absence 
of shocks. Therefore, though not 
conclusively demonstrated, it is a 
reasonable assumption that the dif- 
ferences in rates of extinction of 
escape responses due to varying the 
amounts of training with shocks re- 
flected corresponding differences in 
resistance to extinction of learned 
fear-drives. 

On this assumption, the reliable 
difference between the extinction 
scores of the 8-young and 24-young 
groups indicates that, in the young 
group, the number of conditioning 
trials required to establish maximum 
resistance to extinction of fear-drives 
tended to be nearer 24 than 8. On 
the other hand, the difference in the 
reverse direction for the 8-old and 
24-old groups, while not highly reli- 
able, suggests that the number of 
trials required for maximum resist- 
ance in the old group tended to be 
nearer 8 than 24. Assuming that 
learning ability increases with age, 
this more rapid establishment of 
maximum resistance in the older than 
in the younger Ss is in line with the 
discriminability hypothesis. 

Further support for this hypothesis 
is provided by the fact that extinction 
of escaping occurred reliably faster 
in the old than in the young group 
following 24 conditioning trials. This 
difference may be attributed to the 
effects of continued training beyond 8 
trials, since the difference obtained 
following 8 trials, while unreliable, 
was in the opposite direction. In 
terms of the discriminability hypothe- 
sis, this suggests that the ability of the 
Ss to discriminate between the con- 


ditioning and extinction situations, 
and thus to learn not to be afraid 
during the extinction trials, was in- 
creased more in the older than in the 
younger animals by the increase in 
number of conditioning trials from 8 
to 24. On the other hand, the 
strength of fear-drive established by 
conditioning was increased more in 
the young than in the old group. 
The faster extinction in the older 
than in the younger group following 
24 conditioning trials may be inter- 
preted as being due, at least in part, 
to the net effect of these opposing 
determinants of extinction rates. 


SUMMARY 


Two experiments were conducted to 
determine the effects of increasing 
the number of reinforcements upon the 
resistance to extinction of learned 
fear-drives. 

Albino rats were placed in a box in 
which they received electric shocks. 


Thus, theoretically, fear was condi- 
tioned to the box, and each occurrence 
of shock provided reinforcement of 
the fear. The experimental variables 
were (1) the number of reinforce- 
ments, (2) the intensity of the rein- 
forcing shocks, (3) the age and there- 
fore, presumably, the learning ability 
of animals. 

Following conditioning, trials with- 
out shock were given. The length of 
time the Ss took to escape from the 
box during these extinction trials was 
used as the basis for an extinction 
criterion. The number of trials re- 
quired to reach this criterion was 
used as an index of the resistance to 
extinction of learned fear-drives. 

The results suggest that resisténce 
to extinction of learned fear-drives 
tends to increase to a maximum with 
the number of times the fear is rein- 
forced. Beyond the number required 
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to establish the maximum resistance, 
further reinforcements tend to de- 
crease the resistance. When the 
intensity of the reinforcing shocks is 
increased, fewer reinforcements are 
required to establish the maximum 
resistance. Maximum resistance is 
also established sooner in the animals 
having the greater learning ability. 

An extension of fear-drive theory is 
suggested to account for these find- 
ings. The basic assumption involved 
in the proposed hypothesis is that an 
increase in the number of reinforce- 
ments increases both the strength of 
fear-drive and the ability of the in- 
dividual to discriminate between the 
conditioning and extinction situa- 
tions, the maximum fear being estab- 
lished more rapidly than the maximum 
discriminability. 


(Manuscript received 
December 16, 1949?) 


2 Eprror’s note:-The delay in publication of 
this manuscript resulted from its loss during 
communications concerned with revision, a loss 
not recognized by author or editor for several 
months. 
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THE ROLE OF DRIVE DISCRIMINATION IN LEARNING 
UNDER IRRELEVANT MOTIVATION ! 


BY RICHARD CHRISTIE 


Research Center for Human Relations, New York University 


One of the operational criteria of 
the significance of any experiment is 
the number of replications and vari- 
ations engendered as well as the 
amount of theoretical controversy 
which it precipitates. By this stand- 
ard an experiment by Spence and 
Lippitt (8) is a most important one. 
These investigators reported their 
findings as supporting deductions 
made from reinforcement theory and 
as casting doubt upon the adequacy 
of Tolman’s theoretical position. 
They do modify this interpretation 
of their results by saying: “There is 
no necessity, of course, that Tolman 
abandon his anti-reinforcement posi- 
tion” (8, p. 499). Despite this con- 
cession the results of Spence and 
Lippitt have been interpreted as in- 
dicating the inadequacy of the nonre- 
inforcement position and therefore 
merit careful evaluation. 

In an article published subsequent 
to the Spence and Lippitt experiment, 
Tolman (10) raises the possibility 
that the animals’ “need-push” may 
not conform to their internal drive 
state as inferred from the manipula- 
tion of deprivation schedules. This- 
tlethwaite (9) in his review of the 
latent learning literature raises es- 
sentially the same point in discussing 
the ambiguity of evidence pertaining 
to the ability of animals to discrimi- 
nate internal drive condition without 
previous training in such discrimina- 


1 This experiment was conductwd in the psy- 
chological laboratory at the University of Cali- 
fornia. Professor David Krech served as faculty 
sponsor for the research. The author is also 
indebted to Professor E. C. Tolman for many 
helpful criticisms and comments. 


tion. Heron (4) has recently pre- 
sented evidence which indicates that 
rats have difficulty in discriminating 
between drive stimuli and suggests 
that primarily they might be using 
stimuli from a full versus a partially 
empty stomach. 

This raises a crucial point in the 
Spence and Lippitt experiment as 
well as in various replications (3, 6, 
7) in which their basic design was 
followed. In such experiments the 
animals are trained under one motiva- 
tional condition and find an appropri- 
ate reward on one side of a choice 
point. They are also given an equal 
number of exposures to an irrelevant 
incentive on the other side of the 
choice point. They are then satiated 
for the reward appropriate during the 
training period and deprived so that 
the previously irrelevant incentive is 
appropriate for the drive state of the 
animal. Reinforcement theorists ar- 
gue that if the animal responds ap- 
propriately under changed motivation, 
this would be in accord with predic- 
tions based upon Tolman’s theory of 
learning; if they respond to the side 
of previous reward, this would be in 
accord with predictions made on the 
basis of Hull’s theory of learning. 
Implicit in such a test of the opposing 
theories is the assumption that the 
animals are aware of their changed 
drive state and will respond accord- 
ingly. This assumption is the focus 
of the present study. 

One of the difficulties attendant in 
evaluating experiments which require 
that animals make differential spatial 
responses to satisfy differing drives is 
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that it is unclear whether slowness of 
learning is a function of the difficulty 
of the spatial discrimination problem 
per se or an inability to identify in- 
ternal drive stimuli. None of the 
cited experiments presents data con- 
cerning the Ss’ pre-experimental ex- 
periences which might facilitate the 
discrimination of internal drive states 
(practically no experimental reports 
mention pre-experimental mainte- 
nance schedules, however[1]). Kend- 
ler (personal communication) states 
that the normal procedure in the 
Iowa laboratories consisted of placing 
a quantity of food pellets in the ani- 
mals’ cages once a day and that water 
bottles were always available. Thus 
Spence and Lippitt’s animals may 
have had some food deprivation prior 
to the experiment proper, but it could 
not have been overly severe. Water 
deprivation could not have been 
acute if the water bottles were always 
present. Itis, therefore, questionable 
that Spence and Lippitt’s animals 
ever had prior experience of water 
deprivation as severe as the 18 hr. 
used in the training period or food 
deprivation as long as the 24 hr. used 
in the test trials in their experiment. 

In essence, we are faced with two 
questions. The first is: If animals 
are given training in food and water 
deprivation so that they have experi- 
enced acute hunger and thirst, will 
this affect their behavior in an experi- 
ment involving a change of motiva- 
tion? The second is: Can animals 
that are reared under “normal” con- 
ditions, i.e., with food and water al- 
ways present, discriminate between 
acute stages of hunger and thirst 
upon their first arousal? 


PuRPOSE OF THE EXPERIMENT 


The following experiment was de- 
signed to test the effects of pre-experi- 


mental training in drive discrimination 
upon the subsequent behavior of ani- 
mals in a latent learning experiment 
in which Ss were exposed to an irrele- 
vant incentive during the training se- 
ries. The training in deprivation 
covered a period of 30 days, this being 
considered adequate in view of Kend- 
ler’s (5) finding that seven days of 
training under simultaneous hunger 
and thirst in a T-maze was sufficient 
to elicit 85 per cent correct spatial 
responses. To better insure that the 
animals had an opportunity to com- 
pare internal drive conditions, the 
deprivation schedule was manipulated 
so that the animals experienced hun- 
ger and thirst separately and in com- 
bination and for differing periods of 
time. 

These animals with deprivation 
experience, as well as controls with no 
history of deprivation, were later 
motivated for the previously irrele- 
vant incentive on test trials to see if 


they would respond appropriately to 
their internal drive state and to deter- 
mine whether this behavior was a 
function of the previous training in 
drive discrimination. 


EXPERIMENTAL PROCEDURE 


Subjects.—Twenty-four male rats of the 
Tryon M X M sstrain from the University of 
California colony were obtained immediately 
after they were weaned at 28 days of age. They 
were reared in cages of four each, and food and 
water were always present in the cages. They 
were sedulously tended so that no deprivation of 
either food or water occurred during a two- 
month period ending when they were approxi- 
mately 90 days of age. The food used was the 
standard University of California dry mash. 
After the Ss were three months of age, they were 
split by litter and assigned to experimental and 
control groups.2. They had been handled fre- 
quently and were quite docile. 

Pre-experimental deprivation training.—The 
12 Ss of the experimental group were exposed to 

? Miss Jane Torrey assisted the author in both 


the pre-experimental tending of the animals and 
in the experiment proper. 
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one month of systematic deprivation training 
commencing immediately after the litters were 
split. Table I shows the schedule followed. 
The experimental group was deprived of water 
alone in the home cage by removal of water 
bottles; it was deprived of food alone by being 
transferred to deprivation cages mounted di- 
rectly below the home cages. Deprivation of 
food and water simultaneously also occurred in 
the deprivation cages. Water deprivation was 
ended by the insertion of the bottle into the home 
cages; deprivation of food alone and of food and 
water combined was ended by the transfer of 
Ss back to the stocked home cages. 

Whenever the experimental group was shifted, 
the control group was also shifted from the home 
cages to transfer cages mounted directly below. 
Likewise, the control Ss were shifted back to the 
home cages whenever the experimental Ss were 
so shifted. This procedure served to equate the 
amount of handling received by the two groups. 
Both the home and transfer cages housing the 
control group were always stocked with food and 
water so that these Ss were never deprived at 
any time in their pre-experimental life. 

Apparatus—A single-choice T-maze was 
used. It was constructed according to dimen- 
sions described by Kendler (5). The only dif- 
ferences were: (1) the entire maze was painted 
a flat gray, (2) the guillotine doors to prevent 
retracing were of wood rather than metal, and 
(3) the water bottle and food can were mounted 
to simulate the appearance of those in the home 
cages of the animals. The water bottle was 
mounted behind a wire screen of the same gauge 


TABLE I 


DepRIVATION SCHEDULE OF THE 
EXPERIMENTAL GRrouP 


Amount of Deprivation 
Drive 


Hunger 
Thirst 
H+T 


Thirst 
Hunger 
H+T 


H+T 
Thirst 
Hunger 
H+T 
Hunger 
Thirst 
H+T 


H+T 


as the sides of the home cages, with the nozzle 
protruding into the left goal box. The food can 
in the right goal box was of the same sort as 
those experienced previously by the Ss and was 
mounted on a wire mesh just as in the home 
cages. 

Preliminary training.—After the completion 
of the deprivation training of the experimental 
group the Ss of both groups spent three days in 
their home cages with food and water always 
present. The Ss of both groups were then given 
individual familiarization training in the maze 
with no incentives present. The Ss were placed 
in the starting box, all doors being raised so free 
exploration was possible. The first choice to 
either the right or left alley was noted, and S was 
removed from the maze and reintroduced into 
the starting box. The second choice was also 
noted, and S was allowed to remain in the maze 
for l hr. After all Ss had had this 1-hr. habitu- 
ation to the maze, they were placed on a 22-hr. 
hunger schedule. On the first experimental 
training trial the initial choice of alley was also 
noted. All Ss that made three choices to the 
same side on the two trials under satiation and 
the one trial under hunger were discarded. This 
left nine Ss in the control group and ten in the 
experimental group. Of these remaining Ss, 
five in the experimental group made two right 
choices and one left choice, and five made one 
right choice and two left choices. Of the control 
Ss, four made two right choices and one left 
choice, and five made one right choice and two 
left choices. 

Experimental training.—This roughly dupli- 
cated the procedure of Kendler (6). Both 
groups were run under 22-hr. hunger and found 
the food can in the right goal box filled with dry 
mash of the type on which they had been reared. 
The water bottle in the left goal box was filled, 
and there was always some water on the floor 
under the nozzle. Hunger deprivation was 
established by placing the Ss in the deprivation 
cages containing water but no food for a period 
of 22hr. After the Ss had completed their runs 
for the day, they were detained in a cage con- 
taining neither food nor water for a period of 1 
hr. They were then transferred to cages con- 
taining both water and food for a period of 1 hr. 
during which time they could eat and drink 
freely. They were then put on 22-hr. food 
deprivation again. 

The first and third daily trials were free 
choice, i.e., S could go to either the right or left 
goal boxes. The second and fourth trials each . 
day were forced choice, i.e., S was prevented by 
a lowered guillotine door from entering the alley 
leading to the goal box chosen on the previous 
trial. The training series continued for seven 
consecutive days, giving each S a total of 14 
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free and 14 forced choices. Each S was allowed 
3 min. of free-feeding time in the right goal box. 
Each was detained for 2 min. in the left goal box 
containing the water bottle. No S was observed 
drinking in the left goal box. 

Test trials—Four test trials were given on the 
four days following completion of the experi- 
mental training. The first and fourth test trials 
were made under 22-hr. water deprivation, and 
the second and third were made under 22-hr. 
food deprivation. One S of each group went to 
the left goal box on the first trial under thirst 
and was removed before having an opportunity 
to drink. Otherwise, the procedure following 
S’s entry into the right goal box duplicated that 
followed previously, i.c., whether hungry or 
thirsty, S remained there for 3 min. 


REsuLts anp Discussion 


As shown in Fig. 1, the two per- 
formance curves based on the 14 free 
choices during the training series do 
not reveal any marked differences in 
speed of learning between the two 
groups. The experimental group (dep- 
rivation training) displays a slight 
but not significant advantage. The 
results on the test trials show remark- 
able consistency in choices between 
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the two groups. On each test trial 
under thirst, eight of the nine control 
Ss (88.9 per cent) made right turns to 
the previously rewarding side. Nine 
of the ten experimental Ss (90.0 per 
cent) made right turns on each of the 
test trials under thirst. (The single 
S in each group making a left turn on 
the first test trial under thirst made a 
right turn on the second trial under 
thirst; the single S in each group 
making a left turn on the second test 
trial under thirst had gone right on 
the first test trial.) All Ss of both 
groups went to the right goal box con- 
taining food on both test trials under 
hunger. Clearly, there is no evidence 
for latent learning under either condi- 
tion. 

Inasmuch as deprivation training 
of the kind and amount given had no 
effect upon the proportion of choices 
to the previously rewarding goal box, 
it is legitimate to question whether 
or not the deprivation training had 
any effect. An inspection of the 
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3. 1. Percentage of choices to the right goal box containing food during the training and test series. 
T: refers to test trials under thirst motivations; 7, to test trials under hunger motivation. 
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differential running times under hun- 
ger motivation and under thirst moti- 
vation in Table II reveals that there 
is a clear-cut difference among the Ss 
of the experimental group under 
these two conditions, whereas the 
performance of the control group 
does not mirror such an effect. 

Two Ss in each group made one of 
their test runs under thirst motivation 
to the left goal box and never reached 
food on these trials. These Ss are 
excluded from consideration, leaving 
only those Ss that made right turns 
on ail test trials, whether deprived of 
food or water. Each of the eight 
remaining Ss of the experimental 
group ran faster to the food when they 
were hungry than when they were 
thirsty. If the Ss could not discrimi- 
nate between organic states of hunger 
and thirst, we would expect no differ- 
ence in running time under these 
conditions. Yet the results could 
have occurred by chance only once in 
256 times (.58). 

The seven remaining control Ss dis- 
play an even split in running time 
under the same test conditions. 
Three ran faster to food when hun- 
gry, three ran faster to food when 
thirsty, and one had the same average 
time under hunger and thirst. This 


chance behavior reflects no indication 
of differential response to internal 
drive state. 

A test of the significance of the dif- 
ferences between the correlated means 
under hunger and thirst motivation 
for the experimental group yields a t 
(2) of 4.13, which is significant be- 
yond the .01 level of confidence. A 
similar test of the means of the control 
group yields a t of 1.05, which falls 
far short of the .05 level of confidence. 

The Ss of the control group thus 
give no overt indication that they are 
able to discriminate internal drive 
state, suggesting that this might be 
true of other Ss subjected to a “nor- 
mal” rearing. However, the differ- 
ence in running time under hunger 
and thirst motivation by the Ss of the 
experimental group indicates that 
they were discriminating between the 
drives. Despite their ability to make 
the discrimination, they did not dis- 
play latent learning. This would ap- 
pear to vitiate the possibility raised by 
Tolman that the lack of latent learn- 
ing which animals displayed in the 
Spence and Lippitt type of experi- 
ments could be attributed to their 
inability to discriminate “need- 
pushes.” A question raised in the 
introduction as to whether or not 
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training in drive discrimination would 
affect behavior in a reversed motiva- 
tion experiment has two answers— 
it does not affect the animals’ choice 
of a goal which is nonrewarding (from 
the standpoint of drive reduction), 
but it does affect the eagerness with 
which they run to it when it is ap- 
propriate in contrast to when it is 
nonappropriate to their drive state. 
The question as to whether animals 
given a “normal” rearing can dis- 
criminate their drives cannot be 
answered affirmatively on the basis 
of the data presented above. Such a 
possibility cannot be ruled out, how- 
ever, merely because the measure of 
drive discrimination used, i.e., run- 
ning time, did not differ significantly 
under the two test conditions. The 
mean difference in running time be- 
tween the experimental and control 
groups on the test trials under hunger 
does not differ significantly (¢ = .48), 
nor does the mean difference on the 
test trials under -thirst (t = 1.29). 
One possible reason might be that al- 
though all members of the experi- 
mental group responded differentially 
under hunger and thirst motivation, 
some, but not all, members of the 
control group failed to differentiate.* 
The use of differential running time 
as an indication of drive discrimina- 
tion is based upon the premise that an 
S making the discrimination would, on 
test trials under hunger, go forthwith 
to the goal box. On the test trials 


3 Kendler (6) in a similar experiment trained 
Ss under hunger motivation and tested them 
under hunger and thirst. He reports the mean 
running time on test trials under hunger to be 
4.5 sec. and under thirst to be 7.7 sec. The pre- 
sumably greater amount of handling received 
by control Ss in the present experiment, differ- 
ences in strain, the unknown prior history of the 
animals in Kendler’s experiment, differences in 
type of food reward, slightly different experi- 
mental apparatus, and other possible variables 
might account for the greater speed of his ani- 
mals. 


under thirst the S continues to the 
food but with lessened alacrity. If 
we apply this criterion to the control 
group, we would expect that the ani- 
mals who went fastest to food when 
hungry would go slowest to food when 
thirsty. This would be reflected in a 
negative correlation between the speed 
of running time under the two test 
conditions. A rank order correlation 
was made between the average run- 
ning time of the control group Ss on 
the test trials under hunger and 
thirst motivation, and a rho of —.42 
was found. In view of the small 


number of Ss this finding at best sug- 
gests that there might be discrimina- 
tion of internal drive state by some 
members of the control group. 


SUMMARY 


1. It has been suggested that the 
failure of animals to display latent 
learning in experiments where motiva- 
tion is changed from one drive to an- 
other might be the result of their in- 
ability to discriminate the change in 
internal drive state. To test this as- 
sumption, pre-experimental training 
in deprivation was given to see what 
effect this would have in that experi- 
mental situation. 

2. A control group was reared in 
cages with food and water always pres- 
ent. An experimental group was also 
reared in cages with food and water 
always present, but after the Ss were 
90 days of age, they were subjected to 
a month’s regimen of food deprivation 
and water deprivation singly and in 
combination. This deprivation train- 
ing was designed to increase the Ss’ 
ability to differentiate and recognize 
internal states of hunger and thirst. 

3. The two groups were then 
trained under hunger motivation in a 
T-maze with water present in one 
goal box and food in the other. They 
were tested under thirst drive and 
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hunger drive separately to see if they 
would respond appropriately to their 
internal state of need. 

4. Both groups failed to show latent 
learning and displayed similar pro- 
portions of choices to the previously 
rewarding side when motivation was 
changed. However, members of the 
experimental group, which had had 
training in drive discrimination, aver- 
aged longer on their test trials under 
thirst motivation, this difference being 
significant at the .01 level of con- 
fidence. The members of the control 
group did not differ significantly in 
running time under the two test con- 
ditions. 

5. It was concluded that the mem- 
bers of the experimental group were 
differentiating between internal states 
of hunger and thirst on the test trials. 
The evidence based upon the behavior 
of the control group was not deemed 
sufficient to indicate that the members 
were able to make the discrimination, 
although it is possible that some mem- 
bers may have made the discrimina- 
tion. 

6. Inability to recognize internal 
drive states was rejected as a crucial 
variable in the experiment of Spence 
and Lippitt as well as in other experi- 
ments in which no evidence of latent 


learning under reversed motivation 
was found. 


(Manuscript received July 11, 1950) 
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THE EFFECT OF NEGATIVE INCENTIVES IN SERIAL 
LEARNING: V. RESPONSE REPETITION AS A 
FUNCTION OF SUCCESSIVE SERIAL 
VERBAL PUNISHMENTS 


BY G. RAYMOND STONE! 


University of Oklahoma 


In other studies in the series of 
which this study is a part it has been 
demonstrated that a single verbal 
punishment (7), two serial verbal 
punishments (4), and a single informa- 
tive electric shock (11) have all failed 
to weaken the S-R relationship to 
which they were applied as measured 
by the probability of occurrence of 
the punished response relative to a 
comparable S-R relationship which 
received no punishment. On the 
other hand, there has been a consistent 
tendency for the probability of occur- 
rence of punished responses to in- 
crease with practice. This has also 
been true of the control responses 
which received no punishment. A 
detailed analysis of the procedure and 
design of the experimental situation 
has resulted in the conclusion that the 
effect of punishment in these studies 
was strengthening (10). 


PROCEDURE 


The incentive conditions of the present ex- 
periment involve a single verbal punishment and 
3, 5, and 7 serial verbal punishments. The ex- 
perimental procedures of the “vanishing type” 
serial verbal multiple-choice design with fixed 
incentive series (5) are used throughout. A 
different group of college student Ss is employed 
under each of the four experimental conditions 
and the control condition. 

Each S was presented a 40-item list of three- 
letter words exposed for 3 sec. each by a Baker- 
Stone memory drum (1). The Ss were in- 
structed to respond to each item with some 
number between one and ten, and to each S’s 
responses E said “right,” “wrong,” or nothing 


‘Now with Human Resources Research Center, 
USAF 


at all. The Ss were told, that each stimulus 
item had one or more “right” responses arbitrar- 
ily assigned to it before the experiment began, 
and that they were to use the E’s responses as 
informative cues to aid in achieving the “right” 
numbers. Unknown to the Ss, £’s incentive 
responses were given in a fixed order regardless 
of what S might say. From condition to condi- 
tion slight variation in a series of seven incentive 
responses near the middle of the list gave the 
data for analysis. Using R to signify “right,” 
W to signify “wrong,” X to signify the variable 
incentive series, and N for no response at all, the 
order of E’s incentive responses was: N W R W 
NRRWNWWRNRWNNXXXXXX 
XNNWRWWNNRNRWRNNN. 
The order of the actual stimulus list was serially 
randomized from S to S. All Ss were run for 
six trials with no intertrial rests, and 40 Ss in 
each condition were run continuously for ten 
trials. 

Table I gives the order of the central incentive 
series (italicized X’s above) from condition to 
condition and thus gives a picture of the over-al 
experimental design. The five conditions and 
their identifying symbols are at the left. The 
pattern of the central incentive series for each 
symbol is given in the body of the table. The 
NNN condition will yield data representing the 
empirical amount of repetition in the absence of 
incentive information. The punishment condi- 
tions vary in the number of successively punished 
responses. 


TABLE I 


VARIATION OF CENTRAL INCENTIVE SERIES 
PaTTERN FROM CoNDITION TO CoNDITION 








Central Incentive Series 





NNN 
NWN 
N3WN 
NSWN 
WWW 
































NEGATIVE INCENTIVES IN SERIAL LEARNING 


21 


TABLE II 


Per Cent Repetition 1n Triats 2-6 as a Function oF THE CENTRAL INCENTIVE SERIES 








Central Incentive Series 






































RESULTS 


All data analyses are in terms of the 
number of times responses are re- 
peated, with a “repetition” defined as 
the same response on two successive 
trials. Two major analyses are made: 
a serial position analysis of the data of 
the first six trials, and a trial-by-trial 
practice analysis of the punished re- 
sponses relative to comparable re- 
sponses in the control condition over 
ten trials. For Trials 7 to 10 the 
contributing N is 40 for each condi- 
tion. Table II presents the data of 
the serial position analysis. The 
first row gives the empirical repetition 
data of the control condition; the total 
percentage of repetition to the entire 
series is 19.8. The data for the 
punished items of the experimental 
conditions are italicized, and the 
condition totals are in the column to 
the right. The highest per cent repe- 
tition is for the NWN condition; the 


TABLE Il 


ANALYSIS OF VARIANCE FOR RESPONSE 
RepetitTions 1n TrIALs 2 To 6 


control and N5WN conditions are 
about the same, while the N3WN and 
WWW conditions show slightly less 
repetition than the control. There 
is no systematic trend for the punish- 
ment to reduce repetition. 

The data of Table II are treated by 
a double classification analysis of 
variance with n scores per cell, and 
this treatment is presented in Table 
III, the inspection of which reveals 
that although the contribution of 
within-series variance to the total 
variance is quite small and not sig- 
nificant, the between-conditions vari- 


TABLE IV 


MEANS AND VARIANCES oF RESPONSE 
REPETITION BY CONDITION 








| NNN | NWN | naw NSWN| WWW 





Mean 


Variance 


6.93 
19.21 


7.46 
16.06 


6.04 
14.03 


6.88 
13.43 


6.10 
11.19 





TABLE V 


INDEPENDENT F-Ratio ComPaARISONS OF 
VARIANCES BETWEEN ConDITIONS 








Source of 
Variation 


Mean 
Square 





Condition 

Incentive Series 
Interaction 24 
Within Cells 


3.8098 
1.5301 
1.0035 
1.1362 














* Significant at the .01 level. 


NWN 
1.20 


NIWN | NSWN 


1.37 1.43* 
1.14 1.20 
1.04 


www 


Lae 
1.44* 
1.25 
1.20 





NNN 
NWN 
N3WN 
NSWN 











* Significant at the .05 level. 
** Significant at the .01 level. 
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Fic. 1. 


Per cent response repetition of punished items relative to comparable 


control items and as a function of practice 


ance is significant. Intercondition 
comparisons by the ¢ test, however, 
reveal no significant differences be- 
tween any two means, and this to- 
gether with the lack of systematic 
change in the means is taken as 
evidence that the effect of the inde- 
pendent variable is predominantly 
upon the variances. The variances 
by condition (Table IV) and the inde- 
pendent F-ratio comparisons between 


conditions (Table V) reveal a sys- 
tematic trend: the greater the number 
of successive punishments, the less 


the variance. Several of the condi- 
tion comparisons are significant, and 
none violates the direct relationship 
between number of successive serial 
punishments and homogeneity of vari- 
ance. 

It is clear that although the general 
effect of increasing the number of suc- 
cessive punishments is to make the 
Ss’ reactions more alike, this effect is 
not achieved by changing the mean 
amount of response repetitions in 
six trials as compared to the nonincen- 
tive control condition. A trial-by- 
trial practice analysis of specific items 
makes it possible to achieve a finer 
picture of the effects of punishment 
upon response repetition. In this 
analysis the percentage of respohse 
repetitions to a punished S-R item, or 
items, can be compared directly with 


the same values for the comparable 
control item, or items, of the NNN con- 
dition. Figure 1 presents these data 
graphically. The following generali- 
zations apply. 


1. Response repetition is an ab- 
solute increasing function of practice 
in all conditions. 

2. In the later stages of practice 
the influence of punishment is to de- 
crease response repetition relative to 
the empirical condition, although this 
effect is statistically significant only 
for the 3N-3W comparison, where the 
mean difference in response repetition 
across the last four trials is 1.07, its 
standard error is .53, t = 2.02, and P 
(with 39 degrees of freedom) is .05. 
The P-values for the other compari- 
sons are all greater than .10. 

3. In three of the four punishment 
conditions there is an early (Trial 2) 
increase of response repetition relative 
to the control nonincentive items, the 
repetitions to which are near chance 
expectancy. 


Discussion 


In an earlier experiment by the 
present author (7), which also com- 
pared the effect of an isolated verbal 
punishment upon response repetition, 
it was concluded that punishment 
strengthened the S-R to which it was 
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applied. In the condition of the 
present experiment (NWN), which 
repeats that work with slightly better 
controls and a larger sample, the 
difference in favor of punishment is 
less great. Recent work by Duncan 
(2) tends to support the present data, 
and it is therefore suggested that the 
proper statement of the effect of an 
isolated verbal punishment is that 
punishment has not been demon- 
strated to weaken the S-R to which it 
is applied. This statement can now 
be generalized to the effects of suc- 
cessive serial punishments within the 
limits of the present experimental 
design. 

There is a suggestion in the present 
data that a greater number of practice 
trials (not feasible with the present 
design) might demonstrate a reliable 
reduction of repetitions to punished 
S-R’s relative to empirical controls. 
Whether this characteristic could 
qualify as a weakening effect of 


punishment is a moot question insofar 
as the absolute practice effect is an 
increasing repetition function in both 
punishment and control conditions. 
The literature on the effects of 
punishment is by no means clear-cut 


(8,9). With Thorndike’s (12) gen- 
eral conclusion that punishment does 
not subtract from the strength of a 
connection, the present data are in 
agreement. That punishment in- 
duces variability of responses, a con- 
clusion reached by Thorndike (12) 
and others (3, 6), is not supported by 
the present data nor by other recent 
studies (2,7,10,11). The induced 
homogeneity of variance and the in- 
creased repetition with practice found 
in the present study preclude the in- 
duction of either inter- or intraindivi- 
dual variability. The only evidence 
at all for induced variability is relative 
to whatever is causing the increased 
repetition in the later stages of practice 


in the control condition. This situ- 
ation is theoretically confounded (10), 
but it is not felt that positing a weak- 
ening or subtractive force is necessary 
to account for the data. 


SUMMARY 


Five groups of Ss have contributed 
data to five experimental conditions 
of a modified Thorndikian serial 
verbal multiple-choice design in which 
the Ss were instructed to respond to 
stimulus items with some number be- 
tweenoneandten. The experimental 
condition from group to group differed 
only in the incentive responses made 
by E to S for seven multiple-choice 
items in the middle of a list of 40. 
The £’s incentive responses to the 
other 33 items were a fixed series of 
randomized “right,” “wrong,” and 
no response at all. The pattern of 
these 33 incentive responses and the 
stimulus list of three-letter words were 
the same for all groups. The Ss were 
instructed to repeat “right” responses 
and vary “wrong” ones. They were 
not aware that £’s responses were 
fixed. 

In the first condition, E said nothing 
at all to the S’s responses to the 
middle seven stimulus items, thus 
providing an empirical control for the 
other four conditions in which 1, 3, 5, 
or 7 items of the middle series were 
called “wrong.” The data were an- 
alyzed as a function of serial position 
and practice, and they support the 
following conclusions. 


1. Verbal punishment does not 
weaken an S-R connection in the 
sense of subtracting from the strength 
of the connection. 

2. The greater the number of suc- 
cessive. verbal punishments, the 
greater the induced homogeneity of 
variance. 
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The first conclusion is in accord 
with Thorndike’s findings; the second 
is not in accord with findings of 
Thorndike or of Skinner and Estes. 


(Manuscript received July 12, 1950) 
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DIFFERENTIAL REDUCTION OF AUTOKINETIC 
MOVEMENT BY A FIXATED FIGURE 
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Harvard University! 


AND 
RICHARD S. CRUTCHFIELD 
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In an earlier paper (1), the authors 
report an experimental finding that 
the fixation of a visual pattern mark- 
edly reduces the amount of auto- 
kinetic movement of a dot of light ex- 
posed immediately -thereafter in the 
vicinity of the previously presented 
pattern. 

The method used was first to deter- 
mine for each S the normal amount 
and direction of autokinetic movement 
in ten 2.14-sec. exposures of a dot of 
light in a dark room. Each S was 
then required to fixate a luminous 
pattern consisting of a dot and a semi- 
circle (the pattern resembling a cres- 
cent moon with a star between its 
horns). After a 140-sec. fixation pe- 
riod, the pattern was removed and 
once again the amount and direction 
of autokinetic movement were deter- 
mined in a series of 2.14-sec. ex- 
posures of the dot of light. 

Two conditions of fixation were 
studied.2, For each of the Ss in 
Group I the fixation pattern was so 
placed that it was in the prevailing 
direction of his perceived autokinetic 
movement. That is, if he had per- 
ceived movement regularly to the 
right, the semicircle was placed to the 
right of the point of fixation; if he had 
perceived predominantly upward 
movement, the semicircle was placed 


1 Now at The Johns Hopkins University. 

2 Additional conditions which were studied in 
the previous experiment are irrelevant to the 
present discussion and are here omitted. 


above the point of fixation, etc. 
(see Fig. la). This condition of 
placement of the fixation figure we 
call opposed to the prevailing direction 
of movement (in the sense that it 
might be said to stand in the path of 
the movement). The Ss of Group II 
were presented with the fixation 
figure in reverse relationship to the 
prevailing direction of autokinetic 
movement, that is, placed 180 degrees 
away from what would be the case 
for Ss of Group I (see Fig. 1b). This 
condition of placement of the fixation 
figure we call favoring the prevailing 
direction of movement (in the sense 
that it might be said not to stand in 
the path of movement). 

Both Groups I and II showed 
statistically significant decreases in 
the amount of movement seen in the 
first trial following fixation. The 
extent of the decrease was approxi- 
mately equal for the two groups. On 
subsequent trials there was gradual 
recovery toward the level of move- 
ment perceived in the trials preceding 
the exposure of the fixation figure. 
Neither group showed significant 
changes in direction of movement as a 
consequence of the fixation period. 

These findings were discussed in 
relation to the theory of satiation 
proposed by Kohler and Wallach (3) 
in connection with figural after- 
effects. That there was marked dimi- 
nution in autokinetic movement in 
the vicinity of a part of the visual 
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a 


Fic. 1. 


b 


The semicircular fixation figure exposed (a) on the same side as the prevailing direction 


of autokinetic movement (indicated by the dotted line), and (b) on the opposite side. 


field in which a figure had just been 
exposed would seem entirely consist- 
ent with the satiation theory. But 
that Groups I and II should yield the 
same amount of reduction would 
seem, at first sight, to contradict what 
satiation theory would lead one to 
expect. It might have been sup- 


posed that Group II, for which the 
fixation pattern was placed behind 
the prevailing direction of movement, 


would show less decrease in move- 
ment, inasmuch as the dot might be 
thought to be moving away from the 
region of maximal satiation. 
However, as was pointed out, this 
apparent difficulty in interpretation 
might be resolved, and the obtained 
results harmonized with satiation 
theory, by making the assumption 
that the relatively long 140-sec. pe- 
riod of exposure of the fixation figure 
resulted in fairly intense and uniform 
satiation over an area of the visual 
field sufficiently extensive for the 
autokinetic movement process to be 
equally impeded in any direction. 
This assumption can be tested experi- 
mentally by decreasing the duration 
of exposure of the fixation figure, and 
comparing the effect on autokinetic 
movement under the two conditions, 
opposed to and favoring the move- 
ment. It might be plausible to ex- 
pect on the basis of a satiation-type 


theory that with such decreased dura- 
tion of exposure of the fixation figure 
the decremental effect on subsequent 
autokinetic movement would be 
greater for the opposed condition 
than for the favoring condition. 

The experiment to be reported here 
is concerned with the testing of this 
hypothesis. 


APPARATUS AN URE 
Ap TU ND PROcCED 


Every attempt was made to duplicate the 
conditions of the previous experiment. The 
stimulus for autokinetic movement was a dot of 
light 1 mm. in diameter, presented at 15 ft. from 
the S, in an otherwise dark room. The fixation 
pattern, as shown in Fig. 1, was of the same size 
and brightness as in the previous experiment. 
The autokinetic dot was accompanied, as before, 
by a high-pitched motor sound, produced by a 
small electric motor in the autokinetic light 
circuit and intended as a sound effect to heighten 
the illusion that the observed movement was 
real. 

The Ss were Harvard and Radcliffe students, 
naive with respect to the autokinetic phenomenon 
and the purposes of the experiment. No S 
failed to report movement, no S appeared doubt- 
ful of the reality of the movement, and very few 
judgments of zero movement were given. Each 
S was alone in the experimental situation. 

Ss were divided into two groups, V and VI, 
corresponding to Groups I and II of the previ- 
ous experiment. Each S was first given ten 
2.14 sec. trials to determine his normal amount 
and direction of autokineticmovement. He then 
was presented with the fixation pattern for a 
period of 60 sec. For Ss of Group V (N = 18), 
the fixation pattern was presented in the same 
relation to the prevailing direction of movement 
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as for Group I in the previous experiment, the 
relation which we have called opposed (Fig. 1a). 
For Ss of Group VI (N = 18), the fixation pat- 
tern was presented in the same relation as for 
Group II of the previous experiment, the relation 
we have called favoring (Fig. 1b). Following the 
fixation period five more determinations of 
amount and direction of autokinetic movement 
in 2.14-sec. exposures of the light dot were made 
for each S. 

As far as we have been able to ascertain, the 
only difference in experimental conditions be- 
tween this and the previous study is the crucial 
one of duration of exposure of the fixation pat- 
tern. Here it was exposed for 60 sec., whereas 
in the previous experiment it was exposed for 


140 sec. 


RESULTS 


The main results are presented in 
Table I which shows the comparative 
amounts of autokinetic movement re- 
ported by the Ss of Groups V and VI. 
Data are given for the mean distances 
of movement in each of the last five 
trials before the fixation period’ and 
each of the five trials following fixa- 
tion. 

It will be seen that for both Groups 
V and VI there is a decrease in the 
distance of movement immediately 
following fixation of the pattern. 
The mean decrease between Trial 5 
(the last prefixation trial) and Trial 
6 (the first postfixation trial) is 2.13 
in. for Group V. This difference is 
significant at better than the .01 level 
of confidence. For Group VI, on the 
other hand, the decrease between 
Trials 5 and 6 is only .11 in., which 
is not statistically significant. 

Since the purpose of this experiment 
was to test the hypothesis of a differ- 
ence in the amount of effect on auto- 
kinetic movement in Groups V and 
VI, it is appropriate to test the sig- 
nificance of the difference between the 
mean decrease for Group V and the 


3 Only the final five trials before exposure of 
the fixation figure are reported because in some 
cases a stable amount and direction of movement 
was not yet established in the earlier trials. 


mean decrease for Group VI. This 
difference of 2.02 in. yields a ¢ of 
2.57, significant at just short of the 
01 level of confidence. We may con- 
clude, therefore, that with a 60-sec. 
exposure of the fixation pattern, the 
arrangement of the pattern which we 
call opposing (i.e., placed on the same 
side of the fixation point as the pre- 
vailing direction of movement) pro- 
duces a significantly greater decre- 
ment in autokinetic movement than 
that arrangement which we call 
favoring (i.e., placed on the other 
side of the fixation point from the 
prevailing direction of movement). 
The comparison of results for 
Groups V and VI can be facilitated by 
converting the absolute distance 
values (in inches) for each autokinetic 
trial into percentages of the distance 
moved in the last prefixation trial 
(Trial 5). These adjusted data are 
shown in Table II and Fig. 2. This 
conversion serves to eliminate from 
the comparison the absolute differ- 
ence in level of movement found in 
Groups V and VI in the prefixation 
trials, a difference which is irrelevant 
for the purposes of our experiment. 
Also presented in Table II and Fig. 2 
are the comparable data for Groups 


TABLE I 


Mean Amounts oF Movement 1n INCHES 
FOR PREFIXATION AND POSTFIXATION 
TRIALS 


Group V 
(N =18) 
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TABLE II 


Mean Amounts oF Movement ExpreEsseD AS 
A PERCENTAGE OF THE AMOUNT OF MovEMENT 
IN THE Last Triat Berore FIxaTiIon 








Group V 
(N =18) 


Group VI 


Trial (N =18) 
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I and II obtained in the earlier ex- 
periment. 

The effect of varying the duration 
of fixation period, keeping other condi- 
tions constant, can be determined 
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by comparing Group V with Group I 
and Group VI with Group II. The 
decrement in Trial 6 is somewhat less 
for Group V, down to 43 per cent, 
than for Group I, down to 32 per cent 
(using Trial 5 as a base of 100 per 
cent). This difference is in the ex- 
pected direction, since with shorter 
fixation there should be less satiation 
and hence less inhibition of move- 
ment. 

Of more crucial significance is the 
fact that the decrement for Group VI 
is substantially less than that for 
Group II, 96 per cent vs. 25 per cent 
on Trial 6. Again this is the ex- 
pected result, since with shorter fixa- 
tion, satiation is not as complete and 
uniform over the area of the auto- 
kinetic movement and the difference 
in placement of the fixation pattern 
(favoring versus opposing) has the 
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Fic. 2. Mean amounts of autokinetic movement for prefixation and postfixation trials expressed 
as a percentage of amount of movement in the last trial before fixation. 
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opportunity to exert a differential 
effect on autokinetic movement. 

It is of some interest to note that 
the variability in decrement of move- 
ment in Trial 6 is considerably greater 
for the Ss of Group V than for those 
of Groups I and II. Here again it 
might be argued that this is consistent 
with a satiation view, inasmuch as 
the more prolonged fixation in Groups 
I and II could be expected to produce 
a more uniform level of satiation and, 
hence, of inhibition of autokinetic 
movement. 

As far as trials after Trial 6 are 
concerned, it may be seen in Fig. 2 
that the amount of movement in 
Group V gradually recovers toward 
the level of the prefixation trials. 
This recovery effect was found earlier 
in both Groups I and II. Group VI, 
which shows virtually no decrease 
from Trial 5 to Trial 6, does show a 
small progressive decrease on each of 
the next three trials. The maximal 


drop (to 73 per cent on Trial 9) is not, 
however, significantly different from 
the prefixation level. 


Discussion 


The experimental findings in this 
and the previous study clearly demon- 
strate two new facts about auto- 
kinesis, namely (a) that the fixation 
of a visual pattern has a temporary 
after-effect on the visual field in the 
vicinity of the pattern in such a way 
that autokinetic movement in this 
area is partially inhibited for a short 
time thereafter, and (b) that the 
amount of effect on autokinetic move- 
ment is a function of the spatial rela- 
tionship of the area of after-effect to 
the direction of movement.: These 
facts bear at least a superficial resem- 
blance to some of the discoveries of 


Kohler and Wallach (3) in their study 


of figural after-effects, explained by 
them in terms of a theory of satiation 
of the visual cortex. 

Our findings, considered in the con- 
text of that satiation theory, may 
lend themselves to the following inter- 
pretation.* The presence of strong 
satiation in the region in which the 
process representing the autokinetic 
dot (hereafter called the 4 process) 
moves in the visual cortex will impede 
the movement of the 4 process. The 
stronger the satiation in the area in 
which it moves, the more the 4 proc- 
ess will be impeded. When the 4 
process recedes from the area of sati- 
ation, the amount of impeding is less, 
provided that the pattern has not been 
fixated so long that it has produced 
maximal satiation over such a suffi- 
ciently wide area that the 4 process 
remains within the region of maximal 
satiation. 

Since Kohler and Wallach have 
demonstrated that the brief existence 
of any contour in the visual field can 
produce a figural after-effect in an 
appropriately chosen test object, and, 
hence, that the neural processes un- 
derlying figural after-effects must be 
continuously involved in ordinary 
vision, it may also be argued that such 
neural processes regularly enter into 
the determination of autokinetic 
movement. On the other hand, the 
complete lack of effect of our experi- 
mental conditions on the direction of 
movement strongly suggests that there 
are other, more important determi- 
nants. The experiments of Sherif (4, 
5), and others, have shown that some 
of these factors have to do with moti- 
vation, expectation, and suggestion. 


4 In the absence of a precise conception of the 
neural process underlying autokinesis it is, of 
course, hazardous to try to apply satiation theory 
in a detailed way. 
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And it seems certain, considering the 
wide variability of autokinetic move- 
ment for any S and its imperfect re- 
sponsiveness to suggestion, that there 
are other very important determi- 
nants, e.g., postural factors, which 
have not as yet been identified. 

Aside from the possible applicabil- 
ity of satiation theory to our findings, 
we are left with no satisfactory ex- 
planation of the results. The concept 
of norm or frame of reference as ap- 
plied by Sherif to the interpretation 
of other aspects of autokinesis fails to 
account for the present findings. 
Even if we were to assume that the 
traces of the fixation figure persist into 
the subsequent autokinetic trials and 
thereby reduce the amount of move- 
ment because of better frames of 
reference in the field, that would not 
explain why there should be a differ- 
ence according to which side of the 
fixation point the pattern is placed. 
Some sort of “adaptation level” 
theory as embodied in the work of 
Helson (2) would, for very much the 
same reasons, seem_ inapplicable. 
The more conventional eye movement 
theories, too, seem to offer no help. 
Explanation in terms of “practice” 
in fixation was dismissed for several 
reasons in our earlier paper and is 
clearly incompatible with the present 
findings. 

It is apparent that further experi- 
mental work is needed to establish the 
precise conditions under which our 
effects do and do not appear. For 
one thing, different fixation patterns 
should be tried, as well as other dura- 
tions of fixation. For another thing, 
it would be of interest to study the 
possible interrelationships of these 
effects with those attributed to the 
operation of “social norms,” motiva- 
tion, expectancy, and the like. 


SUMMARY 


In a previous experiment a lumi- 
nous fixation pattern consisting of a 
dot and a semicircle presented for 
140 sec. was shown to reduce the 
amount of autokinetic movement im- 
mediately after the pattern was re- 
moved. The decrement was inde- 
pendent of the orientation of the 
pattern with respect to the prevailing 
direction of movement. The experi- 
ment is here duplicated except that 
the duration of fixation is reduced to 
60 sec. 

It is found that the amount of per- 
ceived movement is sharply decreased 
when the fixation pattern is presented 
in an orientation opposed to the pre- 
vailing direction of movement but is 
relatively unaffected when the fixation 
pattern is presented in an orientation 
favoring the prevailing direction. 
The individual differences in decre- 
ment in movement show greater vari- 
ability than in the case of the longer 
fixation time of the previous study. 

These results, which had been hy- 
pothesized on the basis of the Kohler 
and Wallach theory of satiation, prove 
consistent with, and give added sup- 
port to, that interpretation. 

But the fact that direction of move- 
ment is unaffected, and the wide 
variability in amount of movement for 
individual Ss from trial to trial, as 
well as the results reported by other 
investigators, indicate that satiation, 
even if substantiated, is but one of 
many variables affecting autokinetic 
movement. 

The results of this experiment do 
not appear to lend themselves to inter- 
pretation in terms of such determi- 
nants as frame of reference, adaptation 
level, eye movements, or practice 
effects. 


(Manuscript received July 20, 1950) 
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AN EXPERIMENTAL ANALOGUE OF REPRESSION: III. 
THE EFFECT OF INDUCED FAILURE AND SUCCESS 
ON MEMORY MEASURED BY RECALL? 

BY ANCHARD FREDERIC ZELLER ? 

The Johns Hopkins University 


Experiments already reported (6) in 
an attempt to demonstrate repression 
established the effect of induced fail- 
ure followed by success on the reten- 
tion of nonsense syllables using re- 
learning as the measure of retention. 
It became apparent on critical exam- 
ination of the results that, although 
they were clear-cut statistically, there 
were factors in the experiment that 
permitted some equivocation in inter- 
pretation. 

The results indicated that an emo- 
tional factor introduced into an ex- 
perimental situation can cause a 


measurable decrease of retention of 
events associated with the situation, 
but the improvement which results 


after the removal of the effects of the 
emotional factor can be accounted 
for in several alternative ways. First, 
it could be pointed out that such re- 
moval of the previous emotional ex- 
perience through permitting success, 
improved performance through in- 
creased motivation, and, secondly, 
critics could point out, correctly, that 
the experimental groups had had on 
the average a greater amount of 
practice, with the result that improve- 
ment should be expected. This view- 
point has been quite adequately 
championed by McClelland and Api- 
cella (3). In order to determine 
whether the resultant increase in per- 
formance was a reminiscence phe- 


1 The present paper is a portion of a disserta- 
tion presented to the Faculty of Philosophy of 
the School of Higher Studies, The Johns Hopkins 
University, in partial fulfillment of the require- 
ments of the Ph.D. degree. 

2 Now at the University of Tulsa. 


nomenon of the sort described by 
McClelland and Apicella, dependent 
on overlearning and on reduction of 
the inhibitory potential through de- 
crease in conflict (similar to “rest” in 
the McClelland and Apicella experi- 
ment), it was deemed advisable to 
repeat Experiment II (6), using a 
different measure of retention. A 
recall test rather than a relearning 
test offered a satisfactory method for 
determining the point in question. 
If Ss in the experimental groups 
showed markedly less ability to recall 
the syllables on their first recall test 
after the introduction of the emotional 
trauma, as seemed reasonable to sup- 
pose, on the next recall and on all sub- 
sequent recalls they should do less 
well owing to the lack of practice in 
associating the stimulus with the ap- 
propriate response. If, following the 
removal of the emotional block, the 
experimental groups did improve to 
the point that there was no reliable 
difference between the measured re- 
tention of the groups, then it would 
appear that some factor other than 
added practice had contributed to the 
results. 


METHOD 


Material—The material for Experiment III 
consisted of the same list of 30 semi-nonsense 
syllables which had been used in the previous 
experiments (6). One set of 30 cards contained 
the paired syllables whereas the other set con- 
tained only the stimulus syllables. The same 
set of five l-in. Knox cubes was used in the 
block-tapping test, and timing was done with 
either a clock pendulum with a 2.1-sec. stroke 
or with a Waltham 10-sec. sweep stop watch. 

Subjects.—Forty-nine different college stu- 
dents of both sexes were used as Ss. Of the 40 
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completing the experiment, 20 were paid and 20 
were not. In the case of all Ss, however, the 
primary reason for participating in the experi- 
ment was the hope of obtaining personal 
counseling later. 

Procedure.—The experiment was fitted into 
the following experimental design, which was 
proposed by the author in a previous review of 
repression (5). 


Control 


Step 1. Learning 
Step 2. Retention test 


ceeded regularly although he was not told 
whether his results were good or bad. A record 
was kept, however, so that S, if he cared to, saw 
E checking the correct response column after 
each trial. At the end of 15 min., S was told 
“You did all right.” Following this a recall test 
(Step 5) was given and S was dismissed with in- 
structions to return in 48 hr. On the third ex- 
perimental day, S was given a recall test (Step 6) 


Experimental 
= Learning 
= Retention test (Test 1) 


48-hr. Interval 


Step 3. Retention test 
Step 4. Neutral task 
Step 5. Retention test 


= Retention test (Test 2) 
Repression 
> Retention test (Test 3) 


48-hr Interval 


Step 6. Retention test 
Step 7. Neutral task 
Step 8. Retention test 
48-hr 
Step 9. Retention test 


All Ss learned the list of 30 paired syllables to a 
criterion of one perfect recall (Steps 1,2). Each 
S was tested individually. The set of paired 
syllables was presented at the rate of one every 
2.1 sec., and was alternated with the set of 
stimulus cards at the same rate. S was in- 
structed to write his responses to the stimulus 
set, and after each trial the list of written re- 
sponses wasremoved. All Ss were informed that 
the experiment was a learning experiment, and 
at no point in the procedure was any indication 
given of what would be done on the next experi- 
mental day. 

After the syllables had been learned to the 
criterion level, S was dismissed and told to re- 
turn 48 hr. later to continue with the experiment. 
On the basis of initial learning rate, each S was 
assigned to one of four experimental groups. 
When S returned on the second experimental 
day, he was given one recall test. Final assign- 
ment to groups was made at this point to make 
certain the groups were equivalent. An examin- 
ation of Fig. 1 will show that this was accom- 
plished. The Ss were not at this or any later 
time shown the paired-syllable list, so that the 
only contact they had with it was in the initial 
learning. Following the first recall on the second 
day (Step 3), Ss were given different kinds of 
treatment, depending upon the group to which 
each had been assigned. 

Group I.—Ss were shown five l-in. black 
cubes and told that four of them placed in a row 
1 in. apart would be tapped in some sequence by 
E using the fifth block (Step 4). As soon as the 
idea was grasped, S was given a series of tapping 
patterns to reproduce. The difficulty was 
gauged according to S’s ability so that he suc- 


> Retention test (Test 4) 
Removal of repression 
= Retention test (Test 5) 


. Interval 


= Retention test (Test 6) 


at the beginning of the session and was then given 
another 15-min. block-tapping test as before 
(Step 7). Again, as on the second day, this was 
followed by another recall of syllables test (Step 
8). S was again dismissed and asked to return 
48 hr. later. At this time, the final recall test 
(Step 9) was given. 

Group II1.—After the <est for retention (Step 
3) and the explanation of the tapping test, as in 
Group I, Ss in this group were forced to fail on 
every tapping pattern which they attempted to 
reproduce (Step 4). They were informed, how- 
ever, that this was surprising in view of the very 
good record they had made on the syllables test. 
They squirmed a little and in some cases ex- 
pressed concern over their failure, but E appar- 
ently had very little success in producing any 
very real emotional threat to the individual’s 
security. The fact that they were doing badly 
seemed to be accepted rather easily by most Ss. 
Some were even a little proud of their lack of 
ability and expressed great interest in the fact 
that they were making a lower score than anyone 
who had ever previously taken the test. After 
15 min. of block tapping, recall test (Step 5) was 
given. After 48 hr., recall for syllables was again 
tested (Step 6). This was then followed by 
another 15-min. block-tapping test (Step 7). 
This time Ss were allowed to succeed, and even 
waen they did not actually reproduce the pattern 
correctly, they were told they had done so. 
They were informed that their previous failure 
had been artificially produced and for objective 
evidence were asked to examine the day’s suc- 
cesses. They were further told that they had 
been originally chosen because of their superior 
mental ability. It was very interesting to ob- 
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serve how readily these suggestions were ac- 
cepted by most Ss, although some seemed a little 
reluctant to give up the dubious distinction of 
being so phenomenally bad. After this 15 min. 
of block tapping, another recall test (Step 8) was 
administered. Forty-eight hours later, the last 
recall was given (Step 9). 

Group III.—After the retention test (Step 3), 
the individuals in this group were introduced to 
the tapping test and were subjected to every 
type of ego-deflation the examiner could think of 
(Step 4). Care was taken, however, to present 
the statements in an apparently sympathetic 
way so that the Ss would feel maximally inade- 
quate. 

As Rosenzweig (4) has pointed out, indivi- 
duals faced with a frustrating situation may react 
extrapunitively, in which case they direct their 
aggressions at an external object; intropuni- 
tively, in which case they direct their aggression 
toward themselves; or impunitively, in which 
case they repress. Although it was impossible 
to predetermine which reaction any individual 
would make, care was taken to give each S as 
little excuse as possible for directing his aggres- 
sion toward E. After every trial S was informed 
that he had failed. Ostensibly helpful sugges- 
tions were given, such as “Why don’t you num- 
ber the blocks?” The Ss still failed, however, 
as it was almost impossible for them to succeed. 
If they did succeed, they were informed that they 
had failed. The problem was made easier. The 
S still apparently failed. Great concern was 
expressed by E over S’s level of mental ability. 
He was asked if he had considered the possibility 
that he could not get through college and was 
informed that he probably would not. On the 
other hand, it was pointed out, his mechanical 
ability was so poor he probably couldn’t succeed 
in any of the trades. Nothing was omitted 
which would serve to make S feel insecure and 
inadequate. The result was usually an immedi- 
ate but temporary increase in accuracy of which 
S was not informed, followed by a decrease in 
performance level to the point that, in some 
cases, S became so completely disorganized that 
it was felt necessary to ease the tension slightly 
for the good of the individual. Following the 
15-min. tapping test the next recall test for the 
syllables (Step 5) was given, and S was asked to 
come back 48 hr. later. On the third experi- 
mental day, a recall test was again presented at 
the beginning of the session (Step 6). Follow- 
ing this, S was presented with the blocks and was 
allowed to succeed on every trial (Step 7). He 
was repeatedly told, “You are doing excellently,” 
with the result that his score actually improved 
and this improvement, plus a little artificial help 
from E, served to put S in a very pleasant frame 
of mind. His ego was further inflated by telling 


him he had originally been chosen for added 
motivational study because of his superior 
ability. After 15 min. of success and ego-infla- 
tion, the next syllable recall test (Step 8) was 
given. None of the Ss in this group showed any 
desire whatsoever to remain at the low end of a 
scale. Forty-eight hours later the Ss returned 
for their last recall test (Step 9). 

Group IV.—After the retention test (Step 3), 
the Ss in this group were introduced to the block- 
tapping test and were informed after their first 
attempt that they had failed, were generally 
stupid, and that the results were not surprising 
considering the very poor showing made in their 
learning of the syllables (Step 4). After every 
trial they were informed that they had failed 
again. They were asked to recall other instances 
of failure, and the present results were presented 
to account for them. A new bottom was added 
to the score card and failures still recorded. 
That these Ss tried, as did those in Group III, to 
do better, resulted in an actual improvement in 
performance. This was then followed by a 
gradual decline as the Ss were repeatedly told 
that they had failed until a point of very low per- 
formance was reached. None of the Ss actually 
gave up nor was any encouragement given them 
to do so. Every failure meant just so much 
more objective evidence to support E’s evalu- 
ation. After this 15 min. of block tapping, the 
syllables were presented for another recall test 
(Step 5), and the Ss were asked to return in 48 
hr. Several did not return. On the third ex- 
perimental day, another recall test (Step 6) was 
given at the beginning of the session after which 
the blocks were again produced (Step 7). From 
the first trial on, the Ss were allowed to succeed, 
and with added success their results improved. 
The tension gradually dissipated and the Ss were 
informed that they were doing excellently. They 
were also told that their previous failure had 
been due to desire on the part of E to see how 
well an individual of very superior mental ability 
could really do under increased motivation. 
The results were very gratifying. Following this 
15-min. period of block tapping, another recall 
test (Step 8) was given for the syllables. Forty- 
eight hours later the Ss returned for the last 
recall test (Step 9). 


REsuLts AND Discussion 


The results are presented in Fig. 1 


and Table I. As can be seen, the 
members of all groups reach a point 
of perfect recall in the original session, 
and as care was taken to equate the 
groups, they are, on the average, al- 
most equal for the second session. 
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The results for the third session, how- 
ever, show a_ great divergence. 
Groups I and II are quite close to- 
gether, and Groups III and IV are 
close together, but there is a big 
separation between the two pairs and 
the differences are highly significant 
(Table I). P in this connection refers 
to the probability that a difference as 
large, in the same direction, would be 
due to chance factors (single-tailed 
test). The trend of the results at this 
point is in conformity with those pre- 
viously reported (5,6). At the fourth 
test session the trend is the same, with 
Groups I and II together and Groups 
III and IV together, but, again, with 
a big separation between the two 
pairs. At the fifth test session the 
actual magnitudes of the differences 
between Groups I-II and III-IV have 
decreased, but the differences are still 
highly significant. It is at this point 
that the present picture differs from 
that of the previous experiments, in 


which all groups were equivalent at 


this point. At the sixth test session, 


ated GROUP! 
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however, both the magnitude and re- 
liability of the difference have de- 
creased. Although these differences 
would ordinarily be called statistically 
reliable, they represent such a de- 
crease both in magnitude and relia- 
bility that it appears reasonable to 
interpret this as a positive result. 

A comparison of this experiment 
with those previously reported shows 
no major difference except at the 
fifth and sixth test sessions. In those 
experiments, at the fifth session the 
results for all groups were equivalent. 
As relearning was the measure of re- 
tention, it is quite possible that the 
comparably better performance of 
Groups III and IV might be attrib- 
uted to the delayed effects of added 
practice at the third and fourth 
sessions, which became apparent when 
the anxiety from anticipated failure 
was removed by success. 

In the present experiment it can be 
assumed that Groups I and II ob- 
tained more practice than Groups III 
and IV, as they were consistently 
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TABLE I 


P-VALUES FOR THE DIFFERENCES BETWEEN MEans oF Groups 
Reca.uinc 30 SemMiI-NONSENSE SYLLABLEs * 








Comparison 


Test Session 





Groups I-II 
Groups I- 
Ill 


Groups I-IV 
Groups II- 
Ill 


Groups II- 
IV 


Groups III- 
IV 


50 | 











| 4 
| 50 
| 0001 
0001 
0001 
0001 


23 





* P-values based on the single-tailed test. 


superior at the third, fourth, and fifth 
test sessions. This being so, it would 
be predicted that other things being 
equal these groups should be superior 
at the sixth and last session. It 
could further be predicted that this 
differential would be quite small, 
which it is (see Fig. 1). If, then, the 
difference between the groups at the 
sixth test session can be attributed to 
practice, we have demonstrated that 
induced failure at an associated task 
can cause a measurable decrease in 
ability to demonstrate retention and 
that induced success results in the 
restoration of the ability to demon- 
strate retention of the original ma- 
terial. This would seem at first 
glance to be proof of repression. 
However, other explanations are avail- 
able. A survey of Fig. 1 will show 
that the curves for Groups I and II 
beyond the second test session are 
curves of learning rather than curves 
of forgetting. The significance of 
differences between successive reten- 
tion tests is shown in Table II. This 
increased retention is apparently re- 
lated to the reminiscence phenomenon 
first observed by Ballard (1), but as 
in the study of reminiscence, it is 


very difficult to determine the specific 
factors operating (2). It is apparent, 
however, that each test session acted 
as a practice session and that this to- 
gether with conscious or unconscious 
practice between sessions caused a 
gradual increase in measured reten- 
tion. The fact that the control Ss 
were learning during the last two- 
thirds of the experiment casts doubt 
on the repression hypothesis. The 
results might only mean that Groups 
I and II were learning more efficiently 
than Groups III and IV and that the 
motivational uplift given preceding 
the fifth test session might be re- 
sponsible for the improvement. It 


TABLE II 


P-VALUES FOR THE DIFFERENCES BETWEEN 
THE Means or Groups FoR SUCCESSIVE 
RETENTION Test Sessions * 








Test Sessions Compared 
Group 





2 vs. 3| 3 vs. 4 
03 19 
Ol .03 
01 17 
01 PS 


4vs.5 




















* P-values based on the single-tailed é-test. 
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should also be noted that both Groups 


I and II were rapidly approaching a’ 


limit of measurable retention whereas 
Groups III and IV were considerably 
below this limit. This being the case, 
the added motivation would result in 
much greater improvement in Groups 
III and IV than in Group II. Al- 
though the evidence might be inter- 
preted in terms of active repression, 
the difficulty of separating the effects 
of motivation and learning makes any 
definite statement impossible. 

In this experiment, as in those pre- 
viously reported, the results for 
Groups I and II are very much alike. 
This might be due to the fact that 
failure designated as specific to a single 
activity does not affect the perform- 
ance of other activities, or it might 
indicate that the effect of being in- 
formed of success at syllable reproduc- 
tion counteracted the effects of being 
told of failure at block tapping in 
Group II so that the performance re- 


sembled that of individuals subjected 


to no emotional stimulation. A fur- 
ther possibility is that the examiner 
failed to offer as much ego-threat to 
the individuals in Group II. They 
apparently did not feel neglected in 
this regard. 

The similarity of results between 
Groups III and IV would tend to 
indicate that failure not designated as 
specific is just as emotionally disturb- 
ing to an individual as a number of 
specific failures, if not more disturbing. 

Due to vacations, holidays, and 
conflicts of schedules a few Ss were 
not given the sixth and final test. No 
S who did not complete the test 
through the fifth session was included 
in the results. Taken altogether, the 
results indicate that a phenomenon 
has been produced which is in most 
ways analogous to repression proper. 
As alternate explanations are avail- 
able, however, it can not be stated 


that repression as conceived by Freud 
has been demonstrated. 

After the conclusion of this experi- 
ment in which repression was induced 
and relieved in individual Ss, two 
group experiments were conducted 
following the same general pattern 
but using slightly different materials. 
These group experiments failed to 
yield results comparable to those 
reported here. Although this differ- 
ence might have been due to the 
difference in materials, it is considered 
more likely to have resulted from the 
inability of E to induce as strong a 
feeling of failure in the group situation. 
These group experiments are fully 
described in the original dissertation 


(7). 
SUMMARY AND CONCLUSIONS 


In order to cast further light on the 
factors responsible for decreased re- 
tention following emotional experi- 
ences, an experiment was designed in 
which retention of 30 paired semi- 
nonsense syllables was compared fol- 
lowing normal performance of a 
neutral task and performance involv- 
ing repression through induced failure. 
The effect of relief of this repression 
by means of induced success was also 
investigated. The neutral task con- 
sisted of imitating patterns with no 
accompanying emotional experience. 

The results indicate that when fail- 
ure at a specific task is contrasted 
with success at a second task, the fail- 
ure associated with the first task has 
no measurable effect on the perform- 
ance of the second. They further 
indicate that when failure, although 
associated with a specific task, is by 
inference generalized to associated 
tasks, the failure is as disruptive to 
performance on the associated tasks 
as if failure had been specific to them. 
Previously known material which has 
become associated with an unpleasant 
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emotional experience (induced failure) 
is less well recalled, and a later associ- 
ation with induced success at the same 
task at which the failure was induced 
leads to an increase in measured recall 
of the original material. This is in 
keeping with an explanation in terms of 
repression. Due to the nature of the 
evidence, however, an explanation in 
terms of motivated learning is also 
quite possible. 


(Manuscript received July 27, 1950) 
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THE EFFECT OF AN AMOUNT-SET ON A 
REPETITIVE MOTOR TASK! 


BY SHERMAN ROSS 
University of Maryland 


AND 
P. D. BRICKER 
The Johns Hopkins University 


The relation between knowledge of 
the magnitude of a task and effort 
expended was treated extensively by 
Bills and Brown (2) as early as 1929. 
They termed the subject of their 
study the “quantitative set.” In one 
experiment Ss were told to work 1, 2, 
5, or 10 min. at adding simple num- 
bers. The time-set involved in this 
experiment was found to have no ap- 
preciable effect on either initial or 
general levels of effort. In a second 


experiment Ss were presented with 
3, 6, 12, or 24 lines of simple addition. 


In this study it was concluded that 
(1) “the initial level of work curves 
(as determined from the first 15 sec. 
of work) will vary directly as the 
amount of work with which the sub- 
ject is faced at the start” and (2) 
“the decrement or drop from initial 
level will vary directly as the amount 
of work with which the subject is 
faced at the start (2, pp. 311-312).” 

Using the same type of problem and 
different standards of measurement, 
Krueger (5) obtained different results 
with regard to the initial level. His 
Ss did additional problems under six 
conditions: for 5-, 25-, or 50-min. 
periods, or with 500, 2,000, and 4,000 
problems. Krueger reported that the 


1From the Psychological Laboratory of 
Bucknell University, Lewisburg, Pennsylvania. 
The authors are indebted to Mr. Ray Hyman of 
The Johns Hopkins University for statistical aid 
and to Professors David Katz and A. T. Poffen- 
berger for their comments on the manuscript. 


initial level, which was defined by the 
first 5 min. of work, was higher for the 
smaller task. He also found that 
both time- and amount-sets were 
effective in producing a higher rate of 
work for smaller tasks. 

Barmack (1) corroborated Krueger’s 
findings with Ss who were required to 
add numbers for 1, 2, 3, or 4 hr., and 
the first hour was used to determine 
the initial level. The initial 15-min. 
divisions in his tables also show that 
the initial level of the shorter periods 
had an advantage. These results do 
not necessarily contradict those of 
Bills and Brown, since the latter used 
only the first 15 sec. to define initial 
level of work, and their over-all pe- 
riods of work were very much shorter. 
Barmack suggests that “pacing” is 
necessary for larger tasks. 

None of the above studies involved 
a highly motor task. In the course of 
a recent investigation of the Gestalt 
laws of mental work, Katz (4) demon- 
strated the effect of an amount-set on 
a motor task (running). Schoolboys 
were timed for the entire course and 
for the first 60 m. of four different 
runs: 60 m., 120 m., 180 m., and an 
“undefined” 180-m. run, the length of 
which was not revealed to the runners. 
Although a thorough statistical analy- 
sis was not undertaken, it is evident 
that running time for the first 60 m. 
increased as the total distance in- 
creased. 

Katz’s explanation in terms of 
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Gestalten of work raises the question 
of whether or not a similar effect 
could be demonstrated using a repeti- 
tive motor task. Poffenberger (6, 
pp. 127-129) has reported an unpub- 
lished study in which Ss squeezed a 
hand dynamometer under the condi- 
tions of 1 pull and 15 pulls. It was 
found that the single contraction was 
stronger than the initial contraction 
of a series of 15. Since extensive 
data on this experiment are unavail- 
able, we can regard it as an interesting 
lead for further study. 


STATEMENT OF THE PROBLEM 


An attempt is made here to deter- 
mine the effects of an amount-set on a 
repetitive motor task. The task is a 
series of pulls on the Smedley hand 
dynamometer. The problem is pri- 
marily to determine whether or not 
the initial level of effort will be higher 
for larger tasks or a small one. The 
general levels of effort will also be 
compared. 


PROCEDURE 


Experiment I.—Sixty male Ss (ages 18 to 30 
yr.) were selected from classes at Bucknell 
University which met regularly at the same time 
three days per week. The £ demonstrated to 
each S the squeezing of a Smedley hand dynam- 
ometer. Each S performed one condition of the 
experiment during each of three successive class 
meetings. The space of at least 48 hr. between 
trials eliminated any carry-over of “fatigue” 
from one session to the next, but did not neces- 
sarily eliminate any “transfer” effects. 

The tasks were defined as 1, 5, or 10 contrac- 
tions. The Ss were divided into six groups of 
ten each to achieve complete counterbalancing 
of the three conditions. This design makes 
possible the arrangement of the data in the form 
ot two complete Latin squares combined. From 
this arrangement can be obtained not only the 
variance due to tasks, but also that due to orders, 
days (practice effect), and Ss (individual differ- 
ences). Interactions between the factors are 
confounded and contribute to the error term. 
The Ss tested during any one class period repre- 
sented all six groups, so that potential independ- 
ent variables such as the weather and the 
activity of the class were equalized. The Ss 


were tested individually by £ in a laboratory 
room, and S had no knowledge of results. 

The instructions read to the group of Ss at the 
beginning of each class meeting were as follows: 
“You will perform three tasks of differing 
magnitude on this instrument, the hand dynam- 
ometer, on three successive class meeting days. 
We will compare the over-all results of all three 
trials, so the object is to do your best throughout 
each task.” The directions given to S before 
each trial were the following: “Will you squeeze 
the dynamometer with all your force (1, 5, 10) 
time(s)? Take your time; do not hurry.” 
These instructions were printed on cards and 
placed before S before he started each trial. An 
opportunity to ask questions was given at that 
time. Dynamometer readings were recorded in 
kilograms to the nearest tenth for each trial. 

Experiment II.—The results of Experiment I 
indicated that it might be advantageous to 
extend the range of the task performed by S. 
Therefore, a second experiment was undertaken, 
using tasks of 1, 10, or 20 contractions. The 
procedure was the same as in Experiment I 
except that an effort was made to clarify the 
general instructions read to the group. The 
instructions used were as follows: “You will 
perform three tasks of differing magnitudes on 
this instrument, the hand dynamometer. Each 
task will consist of a certain number of pulls. 
Your task for each day is a measure of your 
ability in that particular situation, so the object 
is to do your best throughout each task.” The 
Ss were also permitted two trial pulls for famil- 
iarization when £ first met the group. As in 
Experiment I, the data were arranged in the form 
of a double Latin square. 


RESULTS 


The initial level for each task was 
measured by the mean of the first 
pulls. Table I shows the means and 
standard deviations, in kilograms, 
of the initial and general levels for the 
1-, 5-, and 10-pull tasks of Experiment 
I and for the 1-, 10-, and 20-pull 
tasks of Experiment II. 

An analysis of variance applied to 
the data on the initial level from both 
experiments yielded the results shown 
in Table II. The F-test shows that 
task variance, which is the factor 
under investigation, is significant at 
the .001 level in Experiment I and 
does not quite reach the .05 level in 
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TABLE I 


Means anp §S.D.’s ror IniTIAL AND GENERAL 
Levets or DyNAMOMETER READINGS 
1n KILoGRaMs 








Initial Level General Level 
Number 


of Pulls 





Mean 





Experiment I 
1 


5 
10 





Experiment II 
1 


. . 56.5 
10 , : 50.9 
20 32 8. 49.4 

















Experiment II. The direction of the 
differences is toward lower initial 
levels for larger tasks, as shown in 
Table I. It is safe to say that differ- 
ences in the same direction and reach- 
ing the stated levels of confidence 
could not have been obtained from 
two separate experiments by chance. 
In connection with the smaller F-value 
for Experiment II it is interesting to 
note that there is no difference be- 
tween the 10- and 20-pull tasks. 


The significant S variability in 
both experiments reflects the wide 
individual differences in dynamom- 
eter-pulling ability which are to be 
expected. When this variance is 
taken into account in testing the 
order variance, the latter is insignifi- 
cant. This means that the appar- 
ently considerable difference among 
orders is due to differences among Ss 
in each group. Also of interest is 
that variance between days, which is 
a measure of the practice effect, is 
significant in Experiment II but not 
in Experiment I. 

The general level for each task was 
measured by the mean of the means 
for all pulls. The general level means 
in Table I were compared by the 
t-test (3, pp. 198-200) without re- 
moving the correlational term. The 
t-test with df = 59 showed that 
differences between 1 and 5 pulls, 
1 and 10 pulls, and 1 and 20 pulls 
were significant beyond the .001 
level, but that differences between 
5 and 10 pulls and between 10 and 20 
pulls did not approach an acceptable 


TABLE Il 


Resutts or ANALYSIS OF VARIANCE OF INITIAL LeveL Scores 








Source Sum of Squares 





Experiment I 
Total 
Orders 
Days 
Ss 


Tasks 
Residual 





Experiment II 
Total 12,093.43 
Orders 707.85 
Days 109.67 2 
Ss 9,828.76 54* 
Tasks 70.07 2 
Residual 1,377.08 116 




















* The deviations for the subject-means were taken around the mean of the order-group to which the Ss 
belonged instead of around the total mean; hence, df = 54 and not 59. 


level. 


** When tested against the residual mean-square, the variance estimate for orders is significant at the .0S 
But when tested against the mean-square for Ss, the mean-square for order is nonsignificant. 
it must be concluded that the differences in order are due solely to differences among Ss. 


Hence, 
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level of confidence. This expected 
drop in general level as the size of the 
task increases is probably the result 
of fatigue and set factors combined, 
and will not be considered further in 
this paper. 


Discussion 


Previous findings on _ ideational- 
verbal material (1, 5) indicate that the 
initial level of effort is lower for larger 
tasks except when the initial level and 
the task are both very short (2). 
Similarly, “pacing”? has been demon- 
strated in a continuous motor task 
(4). In this study, an amount-set 
has caused distribution of effort in a 
series of repetitive and discrete motor 
tasks when the initial level is defined 
by the smallest initial subdivision 
possible. That is, S exerts more force 


at the beginning of a small task than 
of a large one, as Poffenberger (6) 
suggested. 

Differences were not as pronounced 
in this study as they were in the study 


by Katz (4). _A comparison of the 
two experiments suggests that the 
effect of an amount-set upon a task 
which is highly motoric and repetitive 
might become more pronounced as 
the task designated by E becomes 
easier for S to conceive as a single 
task. It would be interesting to in- 
vestigate tasks which are intermedi- 
ate between the two extremes in 
“‘discreteness,” such as weight-lifting 
or crank-turning under time- and 
amount-sets. 

The finding that “‘pacing”’ occurs 
even in repetitive motor tasks has 
certain practical implications. It 
may be concluded that greater effect- 
iveness would result from breaking up 
large tasks into small ones. Also, 
expected performance rates should be 
higher for a small amount of work 
than for a large amount of the same 
kind of work. 


Several other findings of the analy- 
sis of variance bear comment. The 
failure of the task variance in Experi- 
ment II to achieve statistical signifi- 
cance may very well be explained by 
the identity of the results for 10- and 
20-pulls tasks. It seems as if the Ss 
as a group established a “single- 
greater” relationship, and did not 
differentiate the larger tasks from each 
other as well as they separated the 
single pull from the larger tasks. 
The lack of a difference between 10 
and 20 pulls might also be an artifact 
caused by the practice effect in Ex- 
periment II. 

The reason for the practice effect 
which appeared in Experiment II but 
not in Experiment I is notclear. The 
conditions were altered slightly, partly 
in an effort to reduce just such an 
effect. This attempt was obviously 
not successful, and the explanation 
probably lies in some unobserved 
difference in motivational factors be- 
tween the groups. 

The last item of interest is the large 
variance for orders which appeared in 
both experiments. That this is a 
function of individual differences is 
shown in Table II, and it is probably 
of no direct theoretical importance 
here. 


SUMMARY 


The problem was to determine 
whether or not an individual will exert 
more force at the beginning of a short 
series of discrete motor tasks or longer 
ones, and also to determine whether 
or not the mean level of performance 
will be greater for the short series or 
the longer series. That is, the effect 
of varying the amount-set on the 
initial and general levels of perform- 
ance was investigated. The task used 
was that of pulling the Smedley hand 
dynamometer. 

The Ss were 120 male college stu- 
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dents in two separate experiments. 
In Experiment I (N = 60), the tasks 
were 1, 5, or 10 pulls on the hand 
dynamometer. In Experiment II (NV 
= 60), tasks of 1, 10, or 20 pulls were 
used. The mean score of all Ss was 
calculated for the first puil of each 
task (initial level) and for the average 
pull of each task (general level). 
The results indicated a statistically 
significant drop in the initial level as 
the magnitude of the task was in- 
creased. In regard to the general 


level, there is clear evidence that the 
average strength of pull decreases 
with the number of pulls. 


(Manuscript received July 28, 1950) 
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ASSOCIATIVE TRANSFER IN VERBAL LEARNING AS A 
FUNCTION OF RESPONSE SIMILARITY AND DEGREE 
OF FIRST-LIST LEARNING 
BY BENTON J. UNDERWOOD 


Northwestern University 


The importance of response simi- 
larity in associative transfer has been 
well established by several recent ex- 
periments in verbal learning (2, 3, 4). 
In the study most pertinent to the 
present investigation (3), it was 
shown that with identical stimuli in 
two paired-adjectives lists, positive 
transfer to the second list was related 
directly to response similarity. These 
findings were interpreted as being 
produced by response generalization. 
It was known from another study (7) 
that if errors made on a retention test 
of a single list were scaled for their 
similarity to the correct response 
(which the error replaced), frequency 
of errors and similarity were related 
directly—there was a gradient of 
generalized responses. Thus, in the 
theory of response generalization ac- 
counting for transfer phenomena, use 
was made also of a gradient of re- 
sponse generalization.” 

The theory as applied to transfer 
phenomena will be summarized. It 
is assumed that when Response B is 
learned to Stimulus 4, there will also 
exist a certain associative strength 
between 4 and items similar to B. 
Following the implication of the 
demonstrated gradient of generalized 
responses, it is assumed further that 
the strength of any given generalized 
response tendency is directly indexed 
by the similarity between the gen- 


1 These experiments were made possible by a 
grant from The Graduate School, Northwestern 
University. 

2 This theory is similar to one proposed earlier 


by Osgood (4). 


eralized response and Response B. 
In effect, when B is being attached to 
Stimulus 4, many associations be- 
tween 4 and responses similar to B 
are also being built up. It is as if 
these similar responses are parasiti- 
cally reinforced. These generalized 
associations do not, of course, gain 
associative strength as rapidly as 
does the connection which is rein- 
forced directly (4-B). 

With the above conception of the 
operation of response generalization, 
transfer effects which resulted from 
variation in response similarity could 
be readily accounted for. If S learns 
A-B (first list) and then learns 4-B, 
(second list with identical stimuli and 
highly similar responses), high posi- 
tive transfer should result in learning 
A-B,. This should occur because 
Stimulus 4, as a consequence of first- 
list learning, has acquired a supra- 
threshold tendency to elicit B, even 
before the second list is presented. 
When 4-B, is directly reinforced in 
learning the second list, its response 
strength appears to build up very 
rapidly. As the theory interprets 
this rapid acquisition, however, it is 
because 4—B, was already an estab- 
lished connection. As the second-list 
responses decrease in similarity to 
Response B, the less should be the 
positive transfer. 

A further implication of the theory 
is that in learning the second list 
under the above conditions, intrusions 
from the first list to the second will be 
greatest with highest response simi- 
larity. When the strength of con- 
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nection 4—B, becomes about equal to 
that of 4-B, discrimination between 
response tendencies should be low. 
This was the finding in the previous 
study; with highly similar responses 
between the two lists a great many 
intrusions occurred in second-list 
learning. Yet, even with this great 
response competition, positive trans- 
fer was high. 

If the above conception of response 
generalization is to be maximally 
useful as an explanatory device for 
transfer effects, the influence of other 
manipulable variables (in addition to 
similarity) must be incorporated. The 
major purpose of the present investi- 
gation was to test the theory as it is 
expanded to include degree of first- 
list learning. The expansion consists 
simply of a formal statement that as 
degree of learning of A-B (first list) 
increases, the strength of generalized 
responses increases. This assumption 
implies that as response similarity is 
held constant, amount of positive 
transfer will increase as degree of 
first-list learning increases. Data 
from the previous study were analyzed 
with this expectation in mind, and 
some support was found for the pre- 
diction. However, the range of first- 
list response strengths available was 
too restricted to establish the general- 
ity of the finding. Therefore, the 
present experiments were designed to 
explore thoroughly the relationships 
among degree of first-list learning, re- 
sponse similarity, and positive trans- 
fer. 

The postulated relationships be- 
tween degree of first-list learning and 
response similarity are diagrammed in 
Fig. 1. This figure pictures three 
degrees of first-list learning, the first 
list being again symbolized by 4-B. 
As A-B is increased in strength by 
direct reinforcement, it is assumed 
that the gradient of response-general- 
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Fic. 1. Theoretical gradients of generalized 
responses as related to degree of first-list learning 
and similarity between responses in the first and 
second lists. 


ization also rises. This means that 
generalized response tendencies (4-—B,, 
A-B,, A-B;) are also increased in 
strength. Highly similar responses 
(A-B,) gain more in strength as first- 
list learning increases than do those of 
low similarity (4-B;). If the re- 
sponse is not similar to B (Response 
C), no increase in response strength 
will occur as first-list learning in- 
creases. 

From Fig. 1 an unambiguous pre- 
diction can be made concerning posi- 
tive transfer in learning the second list 
when both similarity and degree of 
first-list learning are varied; specifi- 
cally, the greater the response simi- 
larity and the higher the degree of 
first-list learning, the greater the 
positive transfer. 


PROCEDURE 


Materials.—The lists of 12 paired adjectives 
used in the experiment were constructed by 
Haagen (2). Illustrations of the different de- 
grees of scaled synonymity used to vary response 
similarity are available elsewhere (3). For the 
present experiments only three degrees of re- 
sponse synonymity have been used, to be desig- 
nated here as high, medium, and low, the latter 
being zero degree of scaled similarity—compar- 
able to Response C in Fig. 1.8 Each of the three 


* These three degrees of similarity were Con- 
ditions B, D, and F in the previously reported 
study (3). 
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degrees of similarity is represented by two lists 
of 12 pairs of words. Both lists have identical 
stimuli with the synonymity obtaining between 
the responses to these identical stimuli. In two 
previous experiments (2,3) it was shown that 
the sets of lists did not differ significantly in 
difficulty. A Hull-type drum was used to pre- 
sent the lists at the standard 2-sec. rate. 

Conditions.—For each of the three degrees of 
response similarity used, three degrees of first- 
list learning have been employed, for a total of 
nine conditions. These nine conditions have 
been executed in three experiments of three 
conditions each. In Exp. I the first list was pre- 
sented until S gave four correct responses on a 
single trial; in Exp. II the first list was presented 
until seven correct responses were given, and in 
Exp. III, the first list was learned to a criterion 
of two successive errorless trials. Degree of 
first-list learning was thus varied from experi- 
ment to experiment. The three conditions 
within each experiment differed only in terms of 
response similarity. 

On all nine conditions the second list was 
learned until S anticipated seven responses on a 
single trial. Following the learning of the 
second list, S rested 20 min., then recalled and re- 
learned the second list to one perfect trial. 

Differences in degree of learning and similar- 
ity among the conditions are summarized in 
Table I. The three degrees of response syn- 
onymity will hereafter be referred to as H (high), 
M (medium), and L (low). Therefore, if a 
reference is given to II (L) it would mean Exp. 
II (in which degree of first-list learning was seven 
correct responses), Condition L (low response 
synonymity). 

Order of the three conditions of similarity was 
counterbalanced in each experiment. With 
three conditions, a block of six Ss will effect 
complete balancing. Three such blocks were 
used in each experiment; hence, the number of 
Ss in each experiment was 18, or a total of 54 in 
allthree experiments. Each condition of similar- 
ity is represented by two lists. Each of these 
lists appeared half the time as List 1, and half 
the time as List 2. Therefore, any difference in 


‘Recalling the second list after the rest in- 
terval completes the proactive inhibition para- 
digm. However, the data on proactive inhibi- 
tion will not be presented. The results on 
learning the second list will show that the acceler- 
ation of these second-list learning curves varied 
markedly for the various conditions. This, in 
effect, makes degree of second-list learning 
different for the conditions and vitiates meaning- 
ful comparisons for recall and relearning. This 
problem has been discussed in detail elsewhere 


(5, p. 529). 


TABLE I 


Conpitions Usep To Determine INFLUENCE OF 
Response SrmiLarity AnD Decree or List 1 
LEARNING ON AssocIATIVE TRANSFER 








Response 
Similarity 


High 
Medium 
Low 


High 
Medium 


Low 


Degree of List-1 


Cond. Learning 


Exp. 





4 correct 
responses 


7 correct 
responses 





High 
Medium 


Low 


2 successive 
errorless trials 














difficulty of the two lists within a set will not 
confound the transfer effects due to response 
similarity. 

One practice day was given before the three 
experimental sessions. All Ss learned the same 
lists on this day, the responses in the two lists 
having medium similarity. Conditions on the 
practice day were identical to those on the 
experimental days with regard to degree of 
learning. On all conditions the interval between 
learning List 1 and List 2 was 30 sec. 


RESULTS 
Equality of Groups 
The comparability of the learning 
of the three groups of Ss can be dem- 
onstrated by comparing the mean 
number of trials to attain four correct 
responses on the first list for all three 
experimental conditions combined. 
Conditions for all three groups were 


TABLE II 


Mean Triats Requirep To REACH THE 
Criteria OF LEARNING OF THE First 
List ror Att ConpITIONs 








Exp. I Exp. II 


Mean | oM 


8.39 | 0.72 
8.94 | 0.84 
7.11 | 0.83 


Exp. III 


























ASSOCIATIVE TRANSFER IN VERBAL LEARNING 47 


identical up to this point in learning 
the first list. The mean number of 
trials required to reach the criterion 
of four correct responses was 4.35 
+.39, 4.374.37, and 4.09+.30, for 
Exp. I, II, and III, respectively. 
The largest difference is between 
Groups II and III, but this difference, 
.28+.48, gives atofonly .58. Evalu- 
ation of performance on the practice 
day also demonstrated the equality 
of the groups. It may be concluded 
that the groups are sufficiently com- 
parable to allow direct interexperi- 
mental comparisons. 

List-1 learning —The mean number 
of trials required to attain the criteria 
of learning for the different experi- 
ments is shown in Table II. Refer- 
ence to these values will be made 
later when transfer effects in learning 
List 2 are noted. 


Transfer Effects 


Trials to learn List 2.—The mean 


number of trials required to reach the 
criterion of seven correct responses on 
the second list is the first index of 


transfer considered. The essential 
data are shown in Table III, and 
graphed in Fig. 2.5 For purposes of 
plotting, the three degrees of first-list 
learning will be considered as 4, 8, 
and 17 trials, for Exp. I, II, and ITI, 
respectively. As can be seen in 
Table II, these values approximate 
the mean number of trials required to 
attain the criteria of first-list learning. 

The transfer effects are clear-cut. 
With low response similarity there is 
little evidence for differential transfer 


5 Although Haagen (2) and Morgan and 
Underwood (3) found no appreciable differences 
in rate of learning the three sets of lists (un- 
biased by transfer), it will be noted throughout 
that the high-similarity lists tend to be learned 
more rapidly than the other two sets. Estimates 
of positive transfer will, therefore, be slightly 
overestimated for these lists. 


TABLE III 


TRANSFER Errects as MEAsuRED BY MEAN 
TRIALS To THE CRITERION OF SEVEN 
RESPONSES ON A SINGLE TRIAL 
on List 2 








Exp. Il Exp. III 





Mean Mean 


6.33 
4.72 
3.17 


Mean oM 


6.94 
6. 56 
4.56 





L 6.78 
M 6.28 
H 5.50 


0.61 
0.68 
0.50 




















as degree of first-list learning increases. 
As response similarity increases, the 
effect on learning the second list be- 
comes marked, so that with high simi- 
larity and high degree of learning, 
positive transfer is at a maximum. 
The interaction between the two vari- 
ables is evident in Fig.2. The magni- 
tude of the absolute transfer effect 
with high similarity is large. On the 
average only 3.17 trials were required 
to learn the second list on Cond. III 
(H), and this value includes the first 
or study trial on which S makes no 
anticipations. Of the 18 Ss, 8 gave 
seven or more correct responses on the 
second trial—the first anticipation 
trial.® 

All transfer effects in Table III and 
Fig. 2 are positive. This was deter- 
mined by taking the mean number of 
trials required to attain the criterion 
of seven correct responses on the first 


list of Exp. II and III (Exp. I could 


® Evidence on reliability of the differences are 
given in the following t-values. For I (L) vs. 
III (L), ¢ is .48; I (M) vs. III (M), t is 2.56; I (H) 
vs. III (H), ¢ is 3.03. Since these intercondition 
comparisons are based on uncorrelated data, 
there are 34. df. At of 2.72 is significant at the 
01 level of confidence, and a t of 2.03 is signifi- 
cant at the .05 level. Intracondition compari- 
sons for the extremes of the similarity dimension 
are as follows: I (L) vs. I (H), t is 2.51; II (L) 
vs. II (H), tis 3.72. With these correlated data 
there are 17 df. A t of 2.11 is significant at the 
05 level, and a t of 2.89 is required for the .01 


level. 
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not be included since learning was 
carried only to four correct responses). 
These positive transfer effects cannot, 
of course, be attributed entirely to the 
independent variable, since learning- 
how-to-learn transfer is also included. 
Negative transfer was present on the 
first anticipation trial of the second 
list when response similarity was low. 
Extensive data under comparable 
conditions have been presented else- 
where (6), so are not repeated. 

A more direct test of the response- 
generalization hypothesis—The data 
presented above give support to the 
hypothesis advanced in the introduc- 
tion to this paper. But a more direct 
test of the generalization hypothesis 
may be obtained by making an analy- 
sis of the strength of each item in List 
1 and then determining what happens 
to the corresponding item in List 2 on 
the first anticipation trial of List 2. 
From this analysis it is possible to 
derive gradients of response evocation 


which allow direct inference concern- 
ing the role of generalized responses 
with varying degrees of learning. 
The method of analysis is somewhat 
complex and is, therefore, reported in 
detail. 

Degree of learning of List 1 is 
“varied” in the analysis by determin- 
ing the number of correct responses 
(reinforcements) for each _ item. 
Items having the same number of 
reinforcements may then be pooled. 
Such a procedure eliminates the need 
for keeping the three experiments 
distinct. Each list had 12 items. 
Since 18 Ss served in each of the nine 
conditions, the total number of items 
available is 12 X 18 X 9, or 1,944 
items. In order that the values will 
be stable, response strengths on List 
1 have been combined in such a fash- 
ion that none of the categories has 
less than one hundred cases. With 
three degrees of synonymity and four 
levels of response strength, there are 
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Fic. 2. Transfer as a function of response similarity and degree of first-list learning. 
L refers to low response similarity, M to medium, and H to high similarity. 
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TABLE IV 


TRANSFER AS A FuNCTION OF RESPONSE 
Smmitariry AND Decree oF LEARNING 
as DeTrerRMINED BY Item ANALYsIS 
or List 1 AND THE First 
ANTICIPATION TRIAL OF 
List 2 








Number of 
Reinforcements 





Similarity Measure 





No. Cases 
No. Correct 
% Correct 


No. Cases 
No. Correct 
% Correct 


No. Cases 
No. Correct 
% Correct 





Medium 





High 


























12 categories. Thus, each item of the 


first list has a known degree of learning 
and a known degree of similarity to 


the corresponding item in List 2. 
According to the hypothesis, if gen- 
eralization is operating to build up the 
response strength of similar responses 
while responses in List 1 are being 
learned, the probability of obtaining 
a correct response on the first trial of 
List 2 should be related directly to 
degree of similarity and degree of 
learning of responses in List 1. 

The data are shown in Table IV. 
“Number of Cases” indicates the num- 
ber of items in a given classification 
of similarity and response strength. 
For example, with high similarity, 
there were 182 items which received 
one or two reinforcments during the 
learning of List 1. On the first antic- 
ipation trial of List 2, 61 of the cor- 
responding items were correctly antic- 
ipated. Or, of the 182 items, 33.5 per 
cent were correct on the first trial. 

In general, the data in this table 
confirm the transfer effects measured 


by trials to learn the second list. 
However, an additional fact is shown 
which was apparently obscured by the 
analysis made in terms of gross trials. 
This fact is that when a List 1 item 
has been reinforced seven or more 
times, the per cent correct on the first 
trial of List 2 is consistently less than 
when the number of reinforcements 
is in the range of from three to six. 
The amount of reduction is not great 
but is present with all degrees of 
similarity. 

Further examination of the table 
shows clearly how response generaliza- 
tion appears to provide parasitic 
reinforcement. When items in List 2 
have high response similarity to those 
of List 1, and when the first-list items 
have been reinforced from three to six 
times, nearly 50 per cent responses 
are given correctly on the first antici- 
pation trial. As similarity and degree 
of learning decrease, the percentage 
of correct responses on the first trial of 
List 2 decreases. 

The question may be raised as to 
how generalized or parasitic reinforce- 
ment compares in magnitude with 
direct reinforcement. An approxi- 
mate answer can be given. All List 
1 learning for Exp. II and III was 
analyzed to determine the number of 
correct responses given each item up 
to but not including the trial on 
which S gave seven correct anticipa- 
tions. Whether or not the item was 
given correctly on the criterial trial 
was also recorded. The per cent 
correct on this criterial trial for each 
of four levels of reinforcement was 
then determined. For zero reinforce- 
ments the per cent correct was 33.1; 
for 1 to 2 reinforcements, 72.0; for 
3 to 6 reinforcements, 91.6, and for 7 
or more reinforcements, the per cent 
correct was 97.4. Thus, these values 
give the probability of an item’s being 
correct on the immediately succeeding 
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trial as a function of number of times 
it has been directly reinforced before 
that trial. 

These values on the influence of 
direct reinforcement may be plotted 
as having maximum similarity along 
a dimension of response similarity. 
That is, since these percentages were 
derived from continuous-learning 
data, they may be thought of as rep- 
resenting identity of responses and 
stimuli. The response-generalization 
data in Table IV may then be ranged 
on the same continuum of similarity. 
The high-similarity condition is just 
one step removed from identity, since 
it consists of identical stimuli and 
highly similar responses. Putting the 
two sets of data on the same graph 
will provide a visual comparison of the 
effect of direct reinforcement as com- 
pared with the response strength built 
up by generalization of responses. 
The curves are shown in Fig. 3.7 

These curves may be taken as 
rough estimates of gradients of gener- 
alized responses as a function of de- 
gree of learning of the directly rein- 
forced items. Clearly, the gradients 
are elevated as degree of learning is 
increased, with the elevation being 
greater the greater the response simi- 
larity. As noted previously, a re- 
versal in the general relationship oc- 
curs with high response strength. 


7It was indicated previously that the com- 
parative influence of direct reinforcement and 
reinforcement through generalization would be 
rough. The reasons for this are apparent now 
that the method of analysis has been described. 
The influence of the study trial (Trial 1) of List 2 
on the responses given on Trial 2 cannot be 
determined. But it seems obvious that the 
magnitude of parasitic reinforcement, as inferred 
from responses on Trial 2, would be somewhat 
overestimated because of the effect of the study 
trial, On the other hand, the short interval be- 
tween learning List 1 and learning List 2 might, 
because of forgetting, tend to underestimate the 
effects of parasitic reinforcement as compared 
with direct reinforcement. 


———— 


———$——_$ 


O REINFORCEMENTS 





Fic. 3. Relative influence of generalized 
reinforcement and direct reinforcement 


This reversal may be interpreted to 
mean that with high degrees of learning 
of the first-list response, some differ- 
entiation (reduction in generalization) 
is established without apparent differ- 
ential reinforcement. Gibson (1, p. 
206) has suggested that this may occur 
in the case of stimulus generalization. 
Thus, as a consequence of sheer repeti- 
tion of the correct association, some 
differentiation of this response from 
other similar responses is established.® 

Overt intrusions during List 2 learn- 
ing.—In the previous paper it was 
found that as response similarity in- 
creased, number of intrusions during 
learning of the second list also in- 
creased. The intrusion data from 
List 2 learning for the present experi- 
ments are plotted in Fig. 4. To ob- 


8 In experiments in which similarity is manip- 
ulated, there is the possibility that the transfer 
effects are in part a function of S’s giving re- 
sponses which he thinks might fit the similarity 
of a given condition. Thus, if the first-list 
response was dirty, S might think to himself that 
filthy or unclean are likely second-list responses. 
He might give one of these responses to the ap- 
propriate stimulus word, and one could not 
readily account for this response on the basis of 
generalization as it is outlined in this paper. 
However, the fact that the gradient reverses with 
high degrees of learning—a condition which 
should be favorable for S to “prepare” responses 
for the second list—suggests that this problem 
is not a serious one. 
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tain the values, the total number of 
intrusions for all 18 Ss was divided by 
number of trials required to reach the 
criterion of seven responses on List 2. 
This division is necessary to equalize 
for trial differences. 

With low similarity very few in- 
trusions occur, and no observable 
difference is evident as a function of 
degree of List 1 learning. With 
medium similarity of responses, fre- 
quency of intrusions first increases 
and then decreases as a function of 
degree of List 1 learning. The great- 
est number of intrusions occurs with 
high similarity of responses, with 
maximum frequency obtaining for 
moderate degrees of List 1 learning— 
Condition II (H). These data from 
Exp. II are exactly the same as found 
under comparable conditions in the 
previous experiment. The additional 
fact provided by the present experi- 
ments is that with high degrees of 
List 1 learning, intrusions decrease so 
that no simple relationship between 
similarity and frequency of intrusions 


exists. Rather, similarity and degree 
of learning interact to produce the 
intrusions. To compete, incompati- 
ble response tendencies must be nearly 
equal. With the high degrees of 
learning used here for List 1 of Exp. 
III, few List 2 items would reach the 
level of the response strength of their 
corresponding List 1 items. Thus, 
the reduction in frequency of intru- 
sions with high degrees of learning is 
to be accounted for by the fact that 
potentially competing responses failed 
to attain equal response strengths. 
Had the learning of the second list been 
carried to a higher criterion, many 
more intrusions should have been 
observed. 


Discussion 


The major findings of the present 
experiment are: (1) as degree of re- 
sponse similarity and first-list learning 
increases, associative facilitation, as 
measured by trials to learn the second 
list, increases; (2) frequency of intru- 
sions from the first list occurring 
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Fic. 4. Frequency of intrusions as a function of response similarity and degree of first-list 
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during the learning of the second list 
increases as response similarity in- 
creases, and initially increases and 
then decreases as degree of first-list 
learning increases. 

The item analysis has allowed con- 
struction of empirical curves (Fig. 3) 
which closely approximate those to be 
expected on the basis of a response 
generalization theory as outlined in 
the introduction. An exception to 
the theory discovered in the analysis 
is that with very high degrees of first- 
item learning, positive transfer early 
in the learning of the corresponding 
second-list item is somewhat less than 
if the degree of learning were lower. 
This has been interpreted as indicating 
that some differentiation or restriction 
in generalization is accomplished by 
mere repetition of aconnection. How 
such differentiation could take place 
is not suggested by the data. 

The present- data, and those ob- 
tained previously (3), demonstrate 
that it is possible to have high positive 
transfer and high interference (as 
indexed by intrusions) produced by 
the same conditions. The interfer- 
ence takes place when two response 
tendencies are about equal in strength. 
The high positive transfer through 
generalization takes place when the 
directly reinforced response is stronger 
than the generalized response. It is 
to be noted again, in support of this 
analysis, that when the first list was 
learned to a high degree, fewer intru- 
sions occurred in learning the second 
list than when the first list was taken 
to a more moderate level of learning. 
These facts suggest further that un- 
learning or weakening of a first-list 
response through nonreinforcement 
of it in learning the second list, may 
not take place unless the second-list 
item becomes as strong as the first- 
list item. 

Finally, the data presented show 


that response similarity is an ex- 
tremely important factor in transfer 
in verbal learning. In fact, on a 
theoretical basis, response similarity 
appears to produce greater variation 
in transfer effects than does compar- 
able variation in stimulus similarity 
(5, p. 303). On the basis of the data 
available, response generalization ap- 
pears to be a useful theoretical tool to 
account for the empirical facts pro- 
duced by manipulation of response 
similarity, just as stimulus generaliza- 
tion is useful in accounting for the in- 
fluence of variation in stimulus simi- 
larity. 
SUMMARY 


The present experiments tested the 
hypothesis that associative facilitation 
in paired-associates learning is directly 
related to inter-list response similarity 
and degree of first-list learning. The 
prediction follows from a theory of 
response generalization. Three ex- 
periments were performed in each of 
which there were three degrees of 
response synonymity. In the two 
lists of 12 paired adjectives used for 
a given condition of similarity, the 
stimuli were identical. The three 
experiments differed only in degree of 
first-list learning, which was four cor- 
rect responses on a single trial, seven 
correct on a single trial, or two suc- 
cessive perfect trials. The criterion 
of learning for the second list was 
always seven correct responses on a 
single trial. The conditions were 
counterbalanced among the 18 Ss 
serving in each experiment. 

The major results were: 


1. As measured by mean number of 
trials required to reach the criterion of 
seven correct responses on a single 
trial of the second list, positive trans- 
fer was related directly to response 
similarity and degree of first-list learn- 
ing. 
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2. An item analysis showed the re- 
lationship among degree of first-item 
learning, similarity, and the prob- 
ability of correctly anticipating the 
second-list item on the first trial. 
This analysis allowed construction of 
response-evocation gradients which 
closely approximated those expected 
on the basis of a theory of response 
generalization. These gradients con- 
firmed the transfer effects mentioned 
above with the exception that with 
very high degrees of learning, the 
relationship breaks down. 

3. Frequency of intrusions from the 
first list which occurred during the 
learning of the second were related 
directly to similarity. However, as 
degree of first-list learning increased, 
frequency of intrusions first increased 
and then decreased. 


(Manuscript received July 31, 1950) 
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AREA-INTENSITY RELATIONS IN SCOTOPIC 
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Well-controlled studies of the rela- 
tion between area of stimulation and 
threshold intensity have located the 
test stimulus at least 20° visual angle 
from the fovea in order to image the 
stimulus on a uniformly sensitive 
(homogeneous) retinal region. Circu- 


lar stimulus areas have also been used 
to minimize heterogeneity. 

If a homogeneous retinal region can 
be found which does not require the 
use of circular stimuli, perhaps it will 
eventually be possible to investigate 
some of the implications of the various 


theoretical accounts (1, 2, 6, 8) of the 
area-intensity effect. 

The geometric symmetry of the 
human retina suggests the possibility 
of obtaining a homogeneously sensi- 
tive retinal surface at points equidis- 
tant from the fovea. Sensitivity in- 
creases with increasing distance from 
the fovea (4, 11, 13) and the data of 
Wentworth (13) show this relation 
for both the horizontal and vertical 
meridians. Her data also show that 
the relative variability of near-periph- 
eral points that are equidistant 
from the fovea but on different merid- 
ians is of the same order of magni- 
tude as that for adjacent points on a 
single meridian of the far periphery. 
Her results thus indicate that the 
assumption of homogeneous sensitiv- 
ity in this region is not unreasonable. 


1 This study was conducted in the Psychologi- 
cal Laboratories of the University of Wisconsin. 
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The purpose of this experiment was 
to determine the relation between 
threshold intensity and area of stimu- 
lation using varying arcs of an annu- 
lus centered at the fovea and to com- 
pare this relation with those obtained 
with the same stimuli imaged to one 
one side of or below the fovea. A 
study of the area-intensity relation 
under these conditions is of added 
interest because of the unstimulated 
central region, a condition which is 
not provided by solid circular test 
patches. 


APPARATUS AND PROCEDURE 


To provide the annular stimuli, white light 
from an automobile headlamp was led succes- 
sively through neutral density filters, a wedge 
and balancing wedge, a dispersing lens, a ground 
glass, and a circular milk glass. Photometric 
measurements indicated that the milk glass 
stimulus patch was uniformly illuminated. It 
was 6 in. in diameter and subtended a visual 
angle of 16° when viewed at a distance of 21.5 in. 
To transform this into a ring of light 1° wide, a 
circular opaque mask subtending 14° visual angle 
was carefully centered on the opal glass. This 
complete ring of light provided the 360° annular 
stimulus. The other stimulus areas were all 
arcs of this ring of light and were obtained by 
masking out segments of the ring. Six sizes of 
stimuli constituted the experimental series, and 
these stimuli are illustrated in Fig. 1. The 
smallest size was an arc of 11.25°, the largest was 
the total ring. intermediate sizes were 22.5°, 
45°, 90°, and 180°. The total stimulation from 
the largest size was equivalent in area (47.12 sq. 
deg.) to that of a circular patch of radius 3.87°. 
The radius of a circular stimulus equal in area 
(1.47 sq. deg.) to the smallest size was .69°. 
All the arcs were oriented as in the figure. 
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Fic. 1. Stimulus areas. The largest area 
is 32 times larger than the smallest. The width 


of the annulus subtends one degree of visual 
angle. 


Each series of stimulus areas was presented 
at three different retinal regions determined by 
the location of a tiny, red fixation light. Under 
Condition C-BH, fixation was at the center of the 
ring of light, and, since stimulation fell on both 
the nasal and temporal halves of the retina, this 
presumably resulted in bihemispheric cortical 
projection of excitation (S). Under Condition 
P-UH, the center of the stimulus ring fell 20° 
peripherally on the temporal retina and hence 
produced unihemispheric projection of excitation. 
The P-BH condition resulted in peripheral 
stimulation with bihemispheric projection. In 
this case the stimulus was imaged 20° from the 
fovea on the inferior retina. Although the 
effects of differential cortical participation are 
unknown, an attempt was made to control and 
evaluate this passible source of difference by the 
use of the three fixation positions. 

Monocular absolute reappearance thresholds 
were obtained with the natural pupil for all 
sizes of stimuli at each retinal position. The 
threshold procedure was to present two supra- 
liminal but dim flashes and then to follow these 
by subliminal flashes of increasing intensity 
until S indicated that he saw a flash. The 


median intensity of ten successive threshold 
measurements for a given size was recorded in 
terms of log micro-microlambert units. In a 
given experimental session six medians were ob- 
tained, one for each stimulus size. For each of 
the two Ss five experimental sessions were run 
at each retinal position. All observations were 
made with the right eye. The flash durations 
were between .5 and 1 sec., a time beyond the 
range where duration is a significant factor in the 
determination of threshold intensity (7). 

In all sessions S was allowed to dark adapt at 
least 35 min. before thresholds were taken. 
Although subsequent shifts in threshold are very 
small, the sequence in which sizes were pre- 
sented was varied in an unsystematic manner 
from session to session. The authors alternated 
as S and E£. 


RESULTS 


The basic data of the experiment 
are presented in Fig. 2. The graph 
is divided into three panels, each of 
which contains the data for the two 
observers for a particular retinal 
position of the annulus. The ordi- 
nates of the graph are the average 
threshold intensities and the abscissae 
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Fic. 2. The effect of change in area upon 
threshold intensity. The stimuli are arranged 
according to area. 
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Fic. 3. The effect of fixation position upon 


the area-intensity relation 


represent the stimuli arranged accord- 
ing to the area specified by arc size. 

For all retinal locations an increase 
in area of stimulation is compensated 
by a decrease in the intensity required 
for threshold stimulation. However, 
complete reciprocity does not obtain. 
For the largest area, which was 32 
times greater than the smallest, the 
threshold intensity decreased only to 
one third that for the smallest area. 
This result is in agreement with pre- 
vious findings which indicate the limits 
of Ricco’s law (10) and point to the 
fact that, eventually, threshold in- 
tensity becomes independent of area. 
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For all conditions the curves show a 
sharp initial drop followed by a grad- 
ual levelling-off. Perhaps because the 
total area of the largest stimulus is not 
very great, complete independence of 
threshold and area is not attained. 

For each condition a consistent 
difference in over-all threshold level 
can be noted for the two Ss, but there 
appears to be no fundamental differ- 
ence in the shapes of their curves for 
the three conditions. The one possi- 
ble exception is the inflection in the 
curve of subject AJR under the P-BH 
fixation. This inflection appeared 
consistently from session to session. 

In Fig. 3 the data for the Ss are 
combined, and the curves are now 
seen to be separated. To attain 
threshold level, stimulation of the 
inferior retina (P-BH) requires more 
light than stimulation of the temporal 
retina (P-UH). Under both these 
conditions the mid-point of stimula- 
tion is 20° from the fovea. With 


fixation at the center of the annulus 
the stimulation falls only 7° to 8° 
from the fovea, and for both Ss the 
threshold at this fixation was the 
lowest for all areas. 


TABLE I 


Summary oF ALEXANDER TREND ANALYSIS 








Source of Variation 


Subject 





HWH 








Between session slopes 

Between session means 

Fixation deviations from estimation 

Between fixation slopes 

Between fixation means 

Over-all deviations from linearity 

Over-all slope 

Session deviations from estimation 
(error) 
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4.04** 
8.10** 


26.93** 


344.75** 














* Denotes significant at .05S level. 
** Denotes significant at .001 level. 
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Separate statistical analyses were 
performed on the data of the two Ss, 
using the Alexander trend test (3). 
The results are summarized in Table 
I. The highly significant F’s for 
between fixation means indicate that 
the differences among the over-all 
threshold levels for the three fixation 
points should not be attributed to 
chance. 

The important question of whether 
or not slopes of the various curves 
differ significantly was also analyzed. 
By plotting log threshold against log 
area, substantial improvement in recti- 
linearity is attained. The effect of 
this transformation is to incorporate 
a greater proportion of the total slope 
variance under one heading for the 
statistical test, thereby increasing its 
analytic capacity. 

Inspection of the F’s for between 
fixation slopes reveals that for subject 
HWH the differences in the linear 
portion of the rectified slopes are 
significant at only the .05 level, 


whereas for subject AJR they are 


clearly not significant. The F’s for 
fixation deviations from estimation for 
the two Ss, which provide information 
concerning the nonlinear component 
of the curves that remains after the 
transformation, also are not both sig- 
nificant. In view of the equivocal 
nature of these F’s it is doubtful that 
there are major differences in the 
area-intensity relation among the 
three retinal areas studied that are 
not attributable to individual differ- 
ences. 


Discussion 


There appear to be two principal 
findings in this study. The first 
concerns the differences in over-all 
sensitivity which were found for the 
three stimulated regions. If stimu- 
lation is centered 20° from the fovea, 
then presumed split projection of 


excitation to the two hemispheres 
(stimulation of the inferior retina) is 
less efficient than if the total excita- 
tion is projected to a single hemis- 
phere (stimulation of temporal ret- 
ina). The interpretation of this is 
somewhat complicated by the fact 
that stimulation surrounding the fo- 
vea, still maintaining bihemispheric 
projection, makes for maximal visual 
efficiency. This apparent lack of 
consistency suggests that the com- 
monly assumed projection relations 
either are unimportant in determining 
the sensitivity level or are complexly 
related in a manner not detectable 
under these conditions. 

The obtained differences seem to 
point toward defective sensitivity in 
the inferior retina and maximal sensi- 
tivity in the region near the fovea. 
Wentworth’s data (13) do show that 
the inferior retina is slightly less 
sensitive than other peripheral regions 
of the eye, but they also show that 
the far periphery is more sensitive 
than the near periphery for both the 
vertical and horizontal meridians. 
Our data are in disagreement with 
hers in this respect, but since her 
data were based on one S and ours on 
only two Ss, further careful mapping 
of the sensitive surface of the retina 
is needed before these relations can be 
clarified. 

The second principal result is the 
apparent similarity of the curves re- 
lating threshold intensity to area of 
stimulation for the three retinal re- 
gions. The parallelism of the curves 
could be accounted for in terms of 
independent elements of varying 
thresholds (12), interaction (6, 8) or 
equivalent perimeters (9) if our origi- 
nal assumption of homogeneity of 
retinal area holds. However, formu- 
lations of the area-intensity relation 
which assert that the summation 
mechanism is retinally located must 
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now be framed to account for the 
equivalence of summation across or 
around the fovea and for a comparable 
peripheral region. Whatever the for- 
mulation, total projection of excitation 
to one hemisphere or split projection 
to both hemispheres seems to be not 
simply related to the area-intensity 
function under these conditions. 


SUMMARY 


Monocular absolute thresholds to 
luminous segments of an annular 
stimulus were obtained for two Ss for 
a variety of stimulus sizes. The total 
range of areas was of the order of 
32to1l. Thresholds were taken under 
stimulation at three different retinal 
regions: 20° temporal, 20° inferior, 
and at points equidistantly located 
7.5° from the fovea. 

In addition to a significant differ- 
ence between the two Ss in over-all 
level of sensitivity, it was found that 
stimulation of the inferior retina re- 
sulted in the highest over-all thresh- 
old and that stimulation around the 
fovea yielded the lowest over-all 
threshold. The curves relating thresh- 
old intensity to area of stimulation 
were not consistently different for 
the three stimulated regions. The 
effects observed were related to the 
presumed differences in cortical par- 
ticipation and topographic differences 
in retinal sensitivity. 


(Manuscript received August 4, 1950) 
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THE REGIONAL GRADIENT OF CRITICAL FLICKER 
FREQUENCY AFTER FRONTAL OR 
OCCIPITAL LOBE INJURY! 

BY WILLIAM S. BATTERSBY ? 

Department of Neurology, New York University—Belleoue Medical Center 


The present study attempts to 
evaluate the role of a number of 
physical and physiological parameters 
in the determination of subjective 
fusion for an intermittent light source. 
Specifically, this study is concerned 
with the regional gradient of critical 
flicker frequency (CFF), for two 
target sizes, in normal Ss and in pa- 
tients with either occipital or frontal 
lobe injury. For the purposes of the 
investigation, CFF is defined as the 
minimal rate of light intermittence at 
which subjective fusion occurs (22). 
The curve which depicts the fusion 
frequencies at different retinal posi- 
tions is called the regional gradient of 
CFF (8,24). When target area is 
increased, the shape of the regional 
gradient is changed (6, 8, 10, 17); the 
amount by which the CFF is increased, 
at any one retinal position, is termed 
the area effect (6, 13, 17). 

The area effect in flicker fusion has 
been variously attributed to summa- 
tion in the neuroretina (13), or to the 
proportionate increase in the number 
of photoreceptors stimulated (16, 17). 


1From the Psychophysiological Laboratory, 
Department of Neurology and Psychiatry, New 
York University-Bellevue Medical Center. 
The work reported was carried out as part of a 
larger project of this laboratory under contract 
V1001M-176 with the U.S. Veterans Administra- 
tion. 

2 Submitted in partial fulfillment of the re- 
quirements for the degree of Doctor of Philos- 
ophy at New York University, Graduate School 
of Arts and Science. The author is indebted to 
his sponsor, Dr. H. L. Teuber, and to Drs. M. B. 
Bender and H. P. Krieger for their criticisms and 
guidance throughout the course of this study. 


These deductions have been based on 
the larger gain in CFF which occurs 
in the periphery when target area is 
increased, as against that obtained in 
the fovea. Under certain circum- 
stances, however, the area effect may 
be roughly constant throughout the 
peripheral visual field (6), a finding 
which does not support the above 
deductions. 

Whereas some theories of the physi- 
ological basis for fusion have empha- 
sized retinal factors (13, 15, 16, 17), 
other theories have been concerned 
with the activity of structures central 
to the retina (3,9,11). In the latter 
connection it should be emphasized 
that depressions in CFF have been 
reported after injury to the occipital 
lobe (25, 26), and also after frontal 
lobe ablations (14, 28). No attempt 
has been made thus far to compare the 
amount of depression in CFF after 
each type of injury. 

By obtaining data on the regional 
gradient of CFF for two different 
target sizes, in the monocular temporal 
and nasal fields, the gradient of the 
area effect throughout the field of 
vision can be studied. It will also be 
possible to determine whether differ- 
ences in fusion threshold exist between 
the temporal and nasal fields. If data 
are obtained from normal Ss and 
from patients with injury to (a) the 
occipital and (6) the frontal lobes, a 
comparison of the amount of depres- 
sion in CFF after different cerebral 
lesions can be made. 
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METHOD 


Apparatus—An electronic generator (4), 
which emitted rectangular pulses of electrical 
energy, was used to power a vacuum tube light 
source (Sylvania No. R1130B). The cyclic out- 
put of this generator was continuously variable 
from 1 to 60 cy/sec (+.08 cy/sec); the phase 
relations (LDR) within each cycle were also 
variable (+2.0 per cent). An electronic timer 
was interposed between the flicker generator and 
the Sylvania tube in such a manner that nor- 
mally the output was led to a dummy load, 
When S pressed his key, the output was switched. 
via a magnetic relay, to the flicker tube for the 
duration preset on the timer.’ 

The flicker tube was mounted in an attach- 
ment on a standard Brombach perimeter in such 
a way that it could be placed at any degree of 
arc along any meridian. A telescopic tube ran 
from this attachment to a ball and socket joint 
on top of the perimeter eyepiece. The S’s end 
of this tube contained a 2.10 mm. aperture; the 
other end of this tube (the end in the perimeter 
mount) contained a diffusing glass plate and a 
machined target disc with a central circular 
opening. When the flicker tube was on, light 
was reflected 90° by a front surfaced mirror 
through the disc opening and an image was 
formed in the plane of the glass plate. The 
intensity of the light was kept constant at 8.92 
a.f.c./ft?; its spectrum covered the range of 
visible wave lengths, but had a major mode in 
the yellow-orange bands. In all experiments the 
duration of exposure was 1 sec. and the light 
time was 50 per cent (LDR = 1). Fig. 1 gives 
the general schema of the experimental situation. 

Subjects.—Three groups of ten Ss each were 
employed. Group A consisted of normal control 


3 The essential elements of the circuit are as 
labeled in the figure. Square waves of variable 
frequency were produced by means of a multi- 
vibrator and this output then transformed into 
triangular pulses by the use of an integrator. 
The driver combined the current from the in- 
tegrator with the voltage from a potentiometer. 
The latter device was used to set the saturation 
and cutoff levels of the plate current in the 
vacuum tube. By this means the triangular 
output of the integrator was converted into 
rectangular waves with phase relations deter- 
mined by the potentiometer setting; i.e., the 
duration of the plate current, and hence the light 
phase, within each cycle depended upon the 
cutoff and saturation points imposed upon the 
triangular wave front from the integrator. The 
build-up and decay time of the rectangular wave 
pattern was independent of the frequency of 
alternation and was of the order of .5 msec. 


Ss, Group B of patients without perimetric field 
defects but with evidence of injury to the frontal 
lobes. Group C was composed of patients with 
homonymous hemianopsia upon perimetry, and 
with evidence of trauma to the geniculo-cal- 
carine system. The eye chosen for testing in 
this group was always that in which the tem- 
poral field was perimetrically amaurotic. The 
patients in Groups B and C were, for the most 
part, drawn from veterans of the recent war who 
had sustained head injuries. In all cases there 
was definite evidence, based upon a review of 
surgeons’ notes, skull x-rays, and neurological 
examinations, of penetration into the cerebral 
tissue. It should be noted that an exact deter- 
mination of the locus and extent of the lesion in 
each case was impossible without post-mortem 
studies. The designation of occipital or frontal 
lobe injury is therefore based upon the presump- 
tive evidence which could be obtained from the 
sources given above. 

Procedure.—The same procedure was used 
with all groups. The perimetric and the central 
campimetric fields were taken, and S was then 
given a 30-min. practice session in judging flicker 
and fusion. At the next session (usually two 
weeks intervened between sessions) either a 1° 
56’+, or a 29’+-, target (hereafter referred to asa 
2° and 30’ target, respectively) was inserted in 
the tube and the CFF values obtained at the 
fovea and at 15°, 30°, and 45° of arc along the 
horizontal meridian in the temporal and nasal 
fields of one eye. The order of presentation of 
the target at the different retinal positions was 
randomized. In the next session this procedure 
































Fic. 1. Schema of the experimental situ- 
ation. F.G.—flicker generator; Mo.—multivi- 
brator; Jn—integrator; Dg—driver; R.—relay; 
T.—timer; S;—apparatus screen; S;—S’s screen; 
F.S.—fixation spot; 7.1.—Sylvania tube insert; 
T.D.—target disc; 7, T:—tubes 1,2; P.A.— 
perimeter arm; C.R.—chin rest; S.K.—S’s key; 
S.C.—S’s chair. 
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was repeated with the other target size. Six 
readings, three ascending and three descending, 
were used to calculate a mean CFF for each 
target at each retinal position. At 15° of arc in 
the temporal field the target was maneuvered 
for each S until he reported a loss of target con- 
tour, a decrease in brightness, and “blurriness” 
of the light; it was then assumed that the target 
was in the blind spot. 

V ariables.—Testing was conducted in a com- 
pletely darkened room with S screened from all 
light except that emitted by the target and the 
fixation spot (a dim, 2-mm. red dot). The ap- 
paratus and procedure used assured control of 
the following parameters: (a) the effective pupil- 
lary aperture, (b) the duration of exposure, (c) 
the distance of the target from the observing eye, 
(d) the retinal position, (¢) the target area, (f) 
the spectrum, (g) the light-dark ratio, and (A) 
the rate of light intermittence. 

The experimental variables in the study were 
the population (Group A, B, or C), the target 
size (30’ or 2° of visual angle), and the retinal 
location stimulated. The dependent variable 
was, of course, the rate of light intermittence (in 
cy/sec) at fusion. 


RESULTS 


The regional gradient of CFF for 
each group.—The group mean fusion 


frequencies, at each retinal position, 
are illustrated in Fig. 2 for both target 
sizes employed. These graphs show 
that the regional gradient of CFF for 


patients with frontal lobe injury 
(dashed line) is approximately the 
same as that for normal control Ss 
(solid line). By comparison, the gra- 
dient for patients with occipital lobe 
injury (dotted line) shows a marked 
depression in the temporal (amau- 
rotic) fleld. There is also a noticeable 
reduction in CFF in the perimetrically 
normal field of these patients. 

Two sets of dotted curves are pre- 
sented in Fig. 2 for the fusion thresh- 
olds in the temporal field of vision of 
the patients with occipital lobe in- 
jury. It will be recalled that the 
temporal half-field in all these hemi- 
anoptics was perimetrically amauro- 
tic, while the nasal half-field was 
normal. Upon testing, it was found 


that five of the ten patients in this 
group were able to perceive, and 
crudely localize by pointing, a diffuse 
“mist” or “haze” of light when the 2° 
target was placed in their blind half- 
field. The other five patients could 
not localize any light in their blind 
fields; they reported only a crescent- 
shaped glow of light surrounding the 
fixation spot. In the graphs the 
lower dotted line shows that no fusion 
frequencies were taken for the latter 
patients; the upper line indicates the 
fusion thresholds obtained from those 
patients who could localize the light 
source. The observation that some 
hemianoptics could perceive and local- 
ize a light source presented within 
their blind field confirms the previous 
reports of Popplereuter (as cited by 
Kliiver [18]) and by Krieger and 
Bender (19). The significance of this 
finding will be discussed later. 
Statistical comparison of CFF be- 
tween groups.—In Table I the results 
of a t-test comparison of groups are 
indicated for each retinal position. 
The left part of this table lists the 
mean differences between groups for 
the 30’ target, and the right part, the 
mean differences obtained with the 2° 
target. It can be seen that no signifi- 
cant difference exists between normals 
and frontal lobe cases; by contrast, a 
significant depression of fusion fre- 
quency for both temporal and nasal 
half-fields is found in patients with 
occipital lobe injury. This depression 
is greatest in the temporal (amaurotic) 
field and least in the perimetrically 
normal nasal field; but for both 
fields, the depressions of fusion fre- 
quency for the occipital injury group 
are statistically significant. 
Differences in CFF between the 
temporal and nasal fields —Figure 2 
also indicates, for normal Ss and for 
patients with frontal lobe injury, that 
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there is a tendency for the fusion 
thresholds at 30° and 45° of arc in the 
temporal field to be higher than those 
in homologous areas in the nasal 
field. On’the other hand, at 15° of 
arc in the temporal field (in the blind 
spot) there is a noticeable depression 
of fusion frequency. The significance 
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of these graphical trends was evalu- 
ated by taking the difference, per S, 
between the CFF’s at homologous 
degrees of arc in the temporal and 
nasal fields. The t-test was then 
used to evaluate the departure of the 
group mean of these differences from 
zero. 
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Fic. 2. 


Comparison of the regional gradient of CFF between groups and for 30’ and 2° targets. 


The solid line represents the regional gradient for normal Ss; the heavy dashed line the gradient for 
patients with frontal lobe injury; the dotted line the gradient for patients with occipital lobe injury 


and hemianopsia. 


The temporal field was amaurotic for all the patients in the latter group. The 


2° target values are indicated by large open circles, the 30’ target values by small closed circles. 
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TABLE I 


Dirrerences in CFF Between NormMat anv Injurep Ss as A FuncrTion 
oF Position AND Size oF TARGET 








30’ Target 


2° Target 





Position of Target Frontal vs. Normal 


Occipital vs. Normal 


Frontal vs. Normal | Occipital vs. Normal 





Mean 
Diff. 


Mean 
Diff. 


~ 





Nasal—45° 
Nasal—30° 
Nasal—15° 
Foveal—0° 
Temporal—15° 
Temporal—30° 
Temporal—45° 


+0.3 
+0.8 
+1.3 
+0.8 
+0.1 
+0.2 
+0.2 
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t Based on N = 5; all others N = 10. 
* Significant at the .05 level. 

** Significant at the .01 level. 

*** Significant at the .001 level. 


It is apparent that, at 30° and 45° 
of arc, the CFF in the temporal field 
is significantly greater than that in the 
nasal field; this is true for both normal 
control Ss and patients with frontal 
lobe injury. As would be expected, 


the reverse condition obtains for the 
patients with hemianopsia. The CFF 
in the blind spot (15° of arc in the 
temporal field) is significantly lower 
than that obtained in the homologous 
area of the nasal field. This is true 
only for normal Ss and patients with 
frontal lobe damage. 

CFF in an amaurotic field of vision. 
—Those patients with occipital lobe 
injury, who could perceive and local- 
ize a light within their blind fields, 
show a significant depression in the 
fusion threshold in this area. There 
was no tendency, however, for the 
CFF in the presumed location of the 
optic disc in this blind field to show a 
further depression. Moreover, ex- 
tensive exploration of the blind spot 
area (in the amaurotic field) failed to 
reveal any consistent changes in the 
subjective appearance of the light in 
four of the five hemianoptics; in the 


fovea. 


remaining patient, consistent reports 
of decreased brightness were obtained. 

Form of the regional gradient of 
CFF in the nasal field—In contradis- 
tinction to that of the temporal field, 
the CFF gradient in the nasal field 
appears to be a smoothly declining 
function, roughly logarithmic in shape 
(Fig. 2). When the group fusion fre- 
quencies in this field were plotted 
against log degrees of arc from the 
fovea, a fairly linear function was 
obtained. However, measures. of 
CFF from a greater number of retinal 
positions within the nasal field would 
be necessary before the precise form 
of the function could be determined. 

The effect of target area on CF F.— 
If one compares the change in CFF 
with increase in target area at the 
fovea and in the periphery (Fig. 2), 
it is apparent that the greatest in- 
crease in CFF has occurred at the 
Moreover, there is a definite 
gradient; the gain in CFF becomes 
larger when the targets are placed 
nearer the point of direct fixation. 
To facilitate an analysis of this re- 
gional gradient of the area effect be- 





WILLIAM S. 


BATTERSBY 


TABLE II 
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tween groups, the absolute gain in 
CFF (dF) with increase in target 
area was obtained for each S, and the 
group mean and S.D. of the distribu- 
tion of these individual gains calcu- 
lated for each retinal position. In 
addition, the individual percentage 
gains in CFF (over the 30’ fusion fre- 
quency, i.e., 100 dF/CFF 30’) were 
calculated and the group mean and 
S.D. similarly computed. The t-test 
was then used to determine the sig- 
nificance of the differences in these 
area effects between. groups. There 
were no differences between groups 
significant at better than the .20 level 
in either absolute gain in CFF or in 
percentage gain. In fact, the mean 
differences between groups was ex- 
tremely small in all cases, much less 
than the interindividual variability. 

Miscellaneous observations.—In the 
course of selecting patients with oc- 
cipital lobe injury and hemianopsia 
(Group C), seven additional patients 
with irregular field defects and ambly- 
opia were tested. Their field defects 
covered a wide range. One case had 
a complete homoymous hemianopsia 
and contralateral crescent scotoma 
plus amblyopia, four cases had con- 
tracted fields, one case had a macular 


quadrantanopsia, and another case 
had hemiamblyopia and hemiachro- 
matopsia (i.e., loss of color vision in 
homonymous halves of the field of 
vision). In all of these cases, marked 
depressions in CFF were found within 
the major perimetric field defect, but 
were not restricted to this locus. 
Depressions in fusion threshold could 
be found at retinal locations quite 
removed from the perimetric field 
defect. This observation confirms 
the results noted above for patients 
with hemianopsia, where depressions 
in CFF were found throughout the 
perimetrically normal field. 


Discussion 
CFF and frontal lobe function.—The 


results of this experiment do not con- 
firm the observations previously re- 
ported by Halstead (14). Halstead 
obtained a significant depression in 
CFF after lesion or amputation of the 
frontal lobes. The disparity in re- 
sults may be due to differences in 
the testing conditions or in the type 
of material studied. Unfortunately, 
Halstead does not give the exact ex- 
perimental conditions employed, al- 
though he states that the light intens- 
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ity was “low.” Presumably, binoc- 
ular fixation was used in his proce- 
dure. 

Despite possible differences in the 
physical aspects of the stimulus, it 
should be pointed out that Halstead’s 
Ss were more definitely cases of 
chronic clinical illness. Most of his 
patients suffered from widespread 
brain tumors; all were hospitalized 
patients, and testing was done shortly 
after loss of frontal lobe tissue. Un- 
der the conditions of the present ex- 
periment no permanent relationship 
could be demonstrated between the 
fusion threshold and the integrity of 
the frontal lobes. The possiblity re- 
mains, however, that testing soon 
after injury might have revealed a 
decrease in CFF. Young (28) has 
recently reported that transient de- 
creases in the fusion threshold can be 
obtained in some patients (but not in 
all) after partial ablation of the frontal 
lobe. 


CFF and occipital lobe function.— 
On the other hand, the results obtained 
from the patients in Group C show 
that depressions in CFF do occur 
after injury to the geniculo-calcarine 


system. Confirming the previous re- 
ports of Teuber and Bender (25, 26), 
these depressions were found in parts 
of the visual field which appeared 
normal upon routine perimetry. The 
observations on patients with irregu- 
lar field defects also indicated that de- 
pressions in CFF after occipital lobe 
trauma were not restricted to the 
locus of the major perimetric defect. 

These conclusions raise doubts con- 
cerning the significance of an anatomic 
point-to-point projection in the visual 
structures for theories of visual func- 
tion. Marquis (20, 21), on the basis 
of a review of the clinical literature, 
points out that a circumscribed lesion 
in the striate cortex, in man, results in 
a complete and permanent loss of 


vision in a correspondingly circum- 
scribed area of the field of vision. 
From this evidence he concludes that 
there is a complete localization of all 
visual function within the striate 
cortex; each specific cortical area sub- 
serves a corresponding area of the field 
of vision. On the basis of this theory 
one would not predict that depressions 
of CFF would occur in areas of the 
visual field far removed from the site 
of a perimetric defect. It is difficult to 
understand, for example, why there 
should be a depression in CFF 
throughout the entire perimetrically 
normal field of patients with hemi- 
anopsia. 

It is hard to explain why five of the 
ten patients in Group C could per- 
ceive and localize a light presented 
within their blind fields while the 
other five could not. The fact that 
only some of the hemianoptics pos- 
sessed this ability could be interpreted 
as an illustration of “residual” vision 
in these Ss. On the other hand the 
same phenomenon has been explained 
on the basis of diffusion of light within 
the eye (20). If “residual” vision is 
being demonstrated by those hemi- 
anoptics who could localize the light 
source, one would predict a drop in 
CFF and a change in the subjective 
appearance of the test patch when the 
light was projected upon the optic 
disc in the blind field. This did not 
occur with any degree of reliability. 

It is impossible, however, to plot 
the exact location of the optic disc 
when it lies within an amaurotic field. 
Moreover, slight head and eye move- 
ments, which would tend to counter- 
act the attempted projection of the 
light onto the papilla, were not con- 
trolled. Thus far, it must be con- 
cluded that the attempted projection 
of light onto the optic disc in a blind 
half-field does not constitute a crucial 
test of the effects of stray light. It 
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thus remains a paradox that some 
hemianoptics could perceive and local- 
ize a light in their blind fields while 
others could not. 

The area effect on CF F—physiologi- 
cal theories of fusion.—lIt is interesting 
to note that the maximal area effect, 
for all groups, occurred at the fovea 
and not in the periphery. According 
to Hecht’s theory (16) one would ex- 
pect a proportionately greater increase 
in fusion frequency in the periphery. 
In other words, increase of target area 
should excite proportionately more 
sensitive photoreceptors in the periph- 
ery than in the fovea. In _ this 
study the area effect has been shown 
to be greater in the fovea; this may 
be due to the type of light spectrum 
employed, or to the presence of factors 
other than the “availability” of 
photoreceptors. 

Granit and Harper (13) emphasize 
the role of retinal summation in the 
determination of the area effect. 


They point out that there are numer- 
ous lateral connections in the periph- 


eral neuroretina. This “‘crosstalk” 
they believe accounts for the greater 
effect on CFF which they obtained at 
10° of arc in the periphery. 

However, lateral connections in the 
neuroretina have also been found in 
the fovea centralis (23). To explain 
the greater foveal area effect found in 
this study, one must postulate either 
that retinal summation was greater 
in the fovea (for some unknown rea- 
son), or that factors central to the 
retina were involved. There is some 
direct experimental evidence to sup- 
port the latter possibility. 

Gastaut (12) has recently recorded 
the electrical activity from the optic 
radiations, in man, during stimulation 
with flickering light. He found that 
the amplitude and frequency of these 
subcortical leads followed almost iden- 
tically the pattern of intermittent 


photic stimulation. When fusion was 
reported, the recordings from the 
vicinity of the radiations approxi- 
mated a straight line. 

Walker, Woolf, Halstead, and Case 
(27) have taken electrical recordings 
from the optic nerve, the lateral genic- 
ulate body, and the striate cortex of 
the monkey during intermittent photic 
stimulation. They found that the 
greatest drop in the maximal rate of 
“following’’ occurred between the 
lateral geniculate and the striate 
cortex. There is every reason, there- 
fore, to suspect that the activity of 
structures between the lateral genicu- 
late and the area striata is of para- 
mount importance in the determina- 
tion of fusion. 

If it is correct to assume that 
cerebral structures are the slowest 
reacting elements involved in the 
determination of fusion (the “‘pace- 
maker” [3]), one would expect de- 
pressions in CFF, following injury 
to the geniculo-calcarine system, in 
areas removed from the locus of the 
primary visual defect. Depressions 
in CFF, if actually obtained after such 
an injury, are not, however, neces- 
sarily a proof of the above hypothesis; 
the injury per se may produce more 
general changes in physiological status 
which superimpose new and abnormal 
limiting factors upon the normal mech- 
anisms involved in the discrimination 
of flicker. Therefore a depression in 
CFF after a cerebral lesion is not 
necessarily an index of how that 
ablated area functions in the normal 
person. On the other hand, if no 
depression is obtained, it suggests 
that the cerebral area containing the 
lesion is not involved in the deter- 
mination of fusion. 

Since the data show that a depres- 
sion in CFF does occur after occipital 
lobe injury, but not after frontal lobe 
injury, one can conclude that the 
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integrity of the frontal lobes is not a 
prerequisite for a normal CFF. On 
the other hand an intact geniculo- 
calcarine system is necessary for a 
normal determination of fusion. 

Difference in CFF between temporal 
and nasal fields—The results of this 
experiment have indicated that the 
fusion thresholds of the temporal field 
(at 30° and 45° of arc) are significantly 
greater than those in the nasal field. 
This interesting finding has two possi- 
ble explanations. It may be due to 
differences between the innervation, 
and representation in the lateral genic- 
ulate body, of the temporal and nasal 
hemiretinae (7). On the other hand 
it may reflect the greater effects of 
practice in the temporal field of vision. 
Further experimentation would be 
necessary to evaluate the relative 
contribution of these two factors. 

By contrast, the fusion frequency in 
the blind spot of the temporal field is 
significantly less than that in the 
homologous location in the nasal field. 
This result illustrates the efficiency 
of the scattered light within the eye, 
and confirms the previous observations 
of Bartley (1, 2). 


SUMMARY AND CONCLUSIONS 


The regional gradient of critical 
flicker frequency (CFF) was obtained 
for a number of retinal positions (viz., 
fovea, 15°, 30°, and 45° of arc) in the 
monocular temporal and nasal field of 
vision. A 30’ and a 2° target were 
used. Complete data were taken for 
three groups of Ss: (a) normal con- 
trols, (b) patients with evidence of 
injury to the frontal lobe, and (c) 
patients with hemianopsia and evi- 
dence of trauma to the geniculo- 
calcarine system. On the besis of 
the results the following conclusions 
are drawn. 


1. For target sizes between 30’ and 
2° of visual angle, the regional gradi- 
ent of CFF, for all groups, is a de- 
creasing function, roughly logarithmic, 
of the angular distance from the fovea. 

2. In normal Ss and patients with 
frontal lobe injury, the CFF at 30° 
and 45° of arc in the temporal field of 
vision is significantly greater than 
that in the homologous location in the 
nasal field. 

3. The CFF obtained in the blind 
spot of the temporal field is signifi- 
cantly lower than that obtained at the 
same angular distance in the nasal 
field. 

4. The area effect in CFF for all 
groups is greater at the fovea than in 
the periphery for the target sizes and 
light spectrum used. 

5. Under the experimental condi- 
tions employed, no depression of CFF 
can be demonstrated after frontal 


lobe injury. 
6. Significant depressions of CFF 


occur in the perimetrically normal 
field after occipital lobe injury. These 
results are not compatible with the- 
ories which assume a strict point-for- 
point localization of visual function 
in the striate cortex. 

7. Some patients with hemianopsia 
(five of ten in this study) were able to 
perceive and localize a light presented 
within their blind fields while others 
(the remaining five) were unable to 
do so. 

8. Observations on the fusion 
thresholds of patients with irregular 
field defects confirm the findings ob- 
tained with hemianoptic patients; 
depressions in CFF are not restricted 
to the locus of the major (perimetric) 
field defect. 

9. In view of the above results, and 
of recent electrophysiological studies 
correlating cerebral function and 
flicker stimulation, the hypothesis is 
advanced that structures between the 
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lateral geniculate body and the area 
striata are of paramount importance 
in the determination of fusion. 


(Manuscript received August 4, 1950) 


REFERENCES 


Bartiey, S. H. The comparative distribu- 
tion of light in the stimulus and on the 
retina. J. comp. Psychol., 1935, 19, 
149-154. 


. Bartiey, S. H. The basis of the flicker in 


the visual field surrounding the test- 
object. J. exp. Psychol., 1936, 19, 342- 
350. 


. Bartiey, S$. H. Vision, a study of its basis. 


. BENDER, 


New York: Van Nostrand, 1941. 

M. B., ano Tevuser, H. L. 
Flicker-perimeter (demonstration). Trans. 
Amer. neurol. Ass., 1948, 174-175. 


. Benver, M. B., ano Teuser, H. L. Psy- 


chopathology of vision. In E. A. Spiegel 
(Ed.), Progress in neurology and psychi- 
atry. New York: Grune & Stratton, 
1949, 


. Brown, H. C. The relation of flicker to 


stimulus area in peripheral vision. 
Psychol., N. Y., 1945, 41, No. 298. 


Arch. 


. Cuacxo, L. W. A preliminary study of 


the distribution of cell size in the lateral 
geniculate body. J. Anat., 1949, 83, 
254-266. 


. Creep, R. S., anp Rucu, T. C. Regional 


variations in sensitivity to flicker. /. 


Physiol., 1932, 74, 407-423. 


. Crozier, W. J., anp Wotr, E. Theory and 


measurement of visual mechanisms: IV. 
Critical intensities for visual flicker, 
monocular and binocular. J. gen. Phys- 
iol., 1941, 24, 505-534. 


. Crozier, W. J., anp Wotr, E. Theory 


and measurement of visual mechanisms: 
VII. The flicker response function out- 
side the fovea. J. gen. Physiol., 1941, 
25, 293-308. 


. Crozier, W. J., anp Wotr, E. Theory 


. Gastaut, H. 


and measurement of visual mechanisms: 
VIII. The form of the flicker contour. 
J. gen. Physiol., 1941, 25, 369-379. 
Enregistrement sous-cortical 
de lactivité électrique spontanée et 
provoquée du lobe occipital humain. 
EEG clin. Neurophysiol., 1949, 1, 205- 
221. 


. Granit, R., anp Harper, P. Comparative 


studies on the peripheral and central 
retina: II. Synaptic reactions in the eye. 
Amer. J. Physiol., 1930, 95, 229-241. 


. Hecut, S., ano Verryp,C. D. 


. Hecut, S., ano Verriyp, C. D. 


. Hecut, S., ano Smirtu, E. L. 


. Kiover, 


. Potyak, S. L. 


. Hatsteav, W. C. Brain and intelligence. 


Chicago: Univ. Chicago Press, 1947. 
Intermit- 
tent stimulation by light: III. The rela- 
tion between intensity and critical fusion 
frequency for different retinal locations. 
J. gen. Physiol., 1933, 17, 251-268. 
Intermit- 
tent stimulation by light: IV. A the- 
oretical interpretation of the quantitative 
data of flicker. J. gen. Physiol., 1933, 
17, 269-282. 

Intermittent 
stimulation by light: VI. Area and the 
relation between critical frequency and 
intensity. J. gen. Physiol., 1936, 19, 
979-989. 

H. Visual disturbances after 
cerebral lesion. Psychol. Bull., 1927, 24, 
316-358. 


. Kriecer, H. P., anp Benper, M. B. Dark 


adaptation in lesions of the optic path- 
ways. Federation Proc., 1949, 8, 89-89. 


. Marquis, D. G. Effects of removal of the 


visual cortex in mammals with observa- 
tions on the retention of light discrimina- 
tion in dogs. Res. Publ. Ass. nero. ment. 
Dis., 1934, 13, 558-592. 


. Marouts, D. G. Phylogenetic interpreta- 


tion of the functions of the visual cortex. 
Arch. Neurol. Psychiat., Chicago, 1935, 
33, 807-815. 


. Morcan, C. T. Physiological psychology. 


New York: McGraw-Hill, 1943. 
The retina. Chicago: Univ. 
Chicago Press, 1941. 


. Ross, R. T. The fusion frequency in differ- 


ent areas of the visual field: II. The re- 
gional gradient of fusion frequency. /. 
gen. Psychol., 1936, 15, 161-170. 


. Tevser, H. L., anp Benper, M. B. Criti- 


cal flicker frequency in defective fields of 
vision. Fed. Proc. Amer. Soc. exp. Biol., 
1948, 7, 123-124. 


. Tevser, H. L., anp Benper, M. B. Al- 


terations in pattern vision following 
trauma of occipital lobes in man. /. gen. 
Psychol., 1949, 40, 37-57. 


. Wacker, A. E., Woo r, J. I., Hatsteap, 


W. C., anp Case, T. J. Mechanism of 
temporal fusion, effect of photic stimula- 
tion on electrical activity of visual 
structures. J. Neurophysiol., 1943, 6, 
213-219. 


. Younc, K. M. (Critical flicker frequency. 


In F. A. Mettler (Ed.), Selective partial 
ablation of the frontal cortex. New York: 
Hoeber, 1949. 





JOURNAL OF EXPERIMENTAL PSYCHOLOGY 
The issues listed below are available for sale 


| 
| 


< 
casonsunnf 


SSSRSESSSSEVSATSS 
AAaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaal 1aaa!1o 


rer rer tet a Oe el el ee 
WNYNYNVYVNVVNDNVNVNNVNNNVNNNNNNNNNNNNNNN I NNN! | VNNN 
ep G2 G0 G0 Oo Ge 2 WW WWW UUW WWW WWWWWWWWw! | Www | w 
ALPHA HAL ASA A AHS SHS HS HHH HSH HH HH HH 1 S11 SPSS 
AAARAAAAAAAAAAAAAAAAAAAAAAAAAAAAH) Al Annan 


SESS 


_~— 


Net price, Volumes 1 through 40 $182.17 


Information about the Journal of Experimental Psychology: as noted in journal 
was not published in 1918 and 1919; from 1937 to See S pen pemenes ot ate ae 
a AINE IS: Beginning in 1951 there are two volumes 


the price volume throughout 
is $1.25 for each available number. 
pay - ee 





' Address orders and subscriptions to 


AMERICAN PSYCHOLOGICAL ASSOCIATION 
1515 Massachusetts Avenue N.W. Washington S, D. C. 


) 
; 
| 
: 











PHILOSOPHICAL LIBRARY PUBLICATIONS 


SANTAYANA: Atoms of Thought 
ot thin ourfremeet Ideas Palcsophe. "edn 


EINSTEIN: Out of My Later Yours 
Hay & Mists tho pllenytes, , scientist, and man . 


an thinker unen- 
ey ities pie 
DICTIONARY OF PHILOSOPHY 


by Dagobert D. Runes 
lng = ag —— - kg —t ~ § Le 


objective in 
rorvcaen that is mint leat —~Deaa Jae James F. bu | ods 
A HISTORY OF 
PHILOSOPHICAL SYSTEMS 
Edited by Vergilius Ferm 


The first comprehensive survey of all leading schools and 
movements in philosophy, treated by 41 eminent echol- 


pet RUSSELL 





PSYCHOLOGY AND ITS 
BEARING ON EDUCATION 


by C. W. Valentine, University 
of Birmingham 
The inte: The yer t 
topics in = 


acter; The Influences, Be =, ten 


Loneien end temeome Sean 
st tee esta of Children ‘Asliviy eth Meth- 
Ac- 

Tatellige 


and 


‘ersonal- 
ity and Character; and Vo- 
mene Guidance; School Records; 

es of Development in Infancy, 

th dle Childhood and Adolescence; 

Backward, Problem and Delinquent 
Children. 


A brief dix ves denple eoplanation 
1 | othe moet come . methods 


applied to psychology and education. 
$6.00 


PILOSORINCAL LIBRARY, PUBLISHERS 


Street 


New York 16, N.Y. 


+ Bo ion dO a 














Issued bi-monthly 


————Washington 5, D.C. 


JOURNAL OF 
CONSULTING 
PSYCHOLOGY 


$5.00 per year 


American Psychological Association 


——1515 Massachusetts Avene N.W.—_ 

















